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Editorial
Endodontics: clinical protocols  
on scientific basis

T
he 37th National Congress of the Italian Society of Endodontics (SIE), 
that will take place in Bologna the next 12th and 13th of November, fi-
nally marks a new beginning of in-person activities, as symbolically 
represented by the motto “SIE restart”.
Last year the absence of our National Congress was admirably replaced 

by the Virtual Endodontic Week Convention of SIE from 3rd to 7th of November 2020. 
However, the urgent need of social as well as scientific restart, in line with the 
improvement of the pandemic condition and in compliance with laws, has allowed 
the creation of a full cultural program that will deal with Endodontics: clinical 
protocols on scientific basis. Specifically, during the two-days Congress person-
alities of note belonging to our Society and scientific community will present 
several lectures to provide an excursus on different fields of endodontics, from 
traditional endodontic approach to endodontic surgery and minimally-invasive 
procedures, taking into account new digital technologies and supporting the clin-
ical results with the most recent scientific evidences. Indeed, Evidenced-Based 
Medicine (EBM) plays a central role in daily clinical practice, allowing more expert 
clinicians to make more aware clinical decisions based on high quality scientific 
research with the aim to maintain the global health of patients. Even in the endo-
dontic field, this approach not only provides more complete endodontists but also 
establishes the topics of future studies.
Looking forward to see You in-person at the 37th National Congress of SIE!

10.32067/GIE.2021.35.02.39
Società Italiana di Endodonzia. Production and hosting by Ariesdue.  This is an open access article under the CC BY-NC-ND license  
(http://creativecommons.org/licenses/by-nc-nd/4.0/).

Peer review under responsibility of Società Italiana di Endodonzia.

Sandro Rengo
Editor-in-Chief
Giornale Italiano 
di Endodonzia
E-mail address
editor.giornale@endodonzia.it
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ABSTRACT

Aim: To describe the role of guided endodontics with ultrasonic tips in management 
of calcified canals. 
Summary
Case 1: A 23-year old female presented with esthetic complaint related to the maxillary 
left central incisor with a history of trauma.  Radiographic examination revealed inter-
nal resorption and apical calcification.  A silicone impression of the maxillary jaw was 
obtained and scanned to plan for access of the calcified canal by means of implant 
planning software. Guides were fabricated through rapid prototyping and allowed for 
the correct orientation of an ultrasonic tip to provide access through the calcifications. 
An access cavity was done, the calcified canal was accessed by the help of the fabri-
cated guide, and the root canal was prepared and obturated using warm vertical 
technique apical to the resorptive defect. The rest of the canal was filled with mineral 
trioxide aggregate (MTA). One-year follow-up revealed no symptoms and evidence of 
radiographic healing.
Case 2: A 43-year old male was referred for endodontic treatment of the maxillary 
right first molar. The mesiobuccal and palatal canals were prepared by the referring 
dentist who failed to locate the distobuccal canal.  Radiographic examination revealed 
a previously initiated root canal therapy, widening of the periodontal membrane space 
and coronal calcification of the distobuccal canal.  A silicone impression of the maxil-
lary jaw was obtained and scanned similar to the first case. The distobuccal canal was 
located using the ultrasonic tip through the guide, prepared, and obturated using warm 
vertical technique. One-year follow-up revealed no symptoms and evidence of radio-
graphic healing.
Key-learning points
 • Endodontics guides with ultrasonic tips are reliable in management of root canal 
calcifications.

 • Three-dimensional imaging using CBCT and CAD/CAM provides accurate 3D guides.

CASE REPORT

Endodontic guides and ultrasonic tips  
for management of calcifications

KEYWORDS cone beam computed tomography, calcification, intraoral scanning, resorption, ultrasonic
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Accepted 2021, May 3

Key-learning points

mailto:Tarek_Elsewefy@dent.asu.edu.eg
mailto:Dr.tarek@gmu.ac.ae


11

Shaban A, Elsewify T*, Hassenein E

Giornale Italiano di Endodonzia (2021) 35

Introduction

P
artial or complete canal calcifi-
cation is a common finding in 
permanent teeth which may be a 
sequela of caries, aging, traumat-
ic injuries and systemic condi-

tions (1).  In such cases, root canal treatment 
is recommended in symptomatic cases of 
pulpal and/or periapical pathosis (2). Local-
ization and negotiation of calcified root 
canals is a challenging procedure, where 
iatrogenic errors may occur.
According to the classification of the Amer-
ican Association of Endodontists of the 
level of difficulty, treatment of calcified root 
canals is considered to have a high level of 
difficulty (3). Long-shank drills and ultra-
sonic tips coupled with dental operating 
microscope are used for such cases. Yet, the 
possibility of procedural errors and risk of 
failure are still high when dealing with 
calcified canals. Surgical approach is an-
other treatment option, but it possesses 
many challenges (4).
Cone beam computed tomography (CBCT) 
is a very beneficial tool for diagnosis and 
treatment planning of complex endodon-
tic cases and management of procedural 
errors (5, 6). Guided endodontics and 
virtual planning help to preserve the re-
maining tooth structure and avoid proce-
dural errors.
According to the European Society of 
Endodontology statement in 2019 about 
the applications of CBCT in endodontics, 
it is recommended for the identification 
of the spatial location of extensively oblit-
erated canals taking into account the 
possibilities of guided endodontics (7). 
Guided endodontics in the management 
of root canal calcification has been previ-
ously reported and considered safe and 
predictable (8). Guided endodontics in addi-
tion to dynamic navigation has shown ex-
cellent results as a training tool for dental 
students and might be of great value in man-
agement of calcified root canals (9).
In this report we describe the management 
of calcified canals in maxillary central in-
cisor and maxillary first molar to reach the 
remaining apical tissues using the guided 
endodontic technique and ultrasonic tips.

Report

#Case 1
On October 15th, 2019, a 23-year old female 
patient presented with esthetic complaint 
related to the maxillary left central incisor. 
The patient gave history of a traumatic in-
jury about 10 years ago with intrusion of the 
tooth. The patient was asymptomatic and 
two-dimensional periapical radiographic 
examination revealed internal resorption 
and apical calcification plus widening of 
the periodontal membrane space. No previ-
ous dental intervention was noted. Clinical 
examination revealed an intruded maxillary 
left central incisor which was sensitive to 
percussion and negative on palpation.  Nor-
mal periodontal support was noted.  Nega-
tive response was shown to thermal and 
electrical pulp testing. CBCT scans con-
firmed the periapical radiographic findings.  
Different treatment options were discussed 
with the patient taking into consideration 
the case difficulty.  The use of 3D guide was 
decided, and a written consent was ob-
tained.  
An impression was done to the maxillary 
jaw using an addition silicone (Elite, Zher-
mack, Germany) then poured with dental 
stone material (Elite, Zhermack, Germany). 
The dental cast was scanned using CBCT 
so that it can be used along with the patient’s 
scan for planning and guide fabrication.
Clinical procedures were done under local 
anesthesia. The coronal access cavity prepa-
ration was done in the usual position in the 
middle middle third of the palatal surface 
of the tooth using diamond round bur size 
2 operated in high speed. The fabricated 
guide was adjusted in place. An ultrasonic 
tip ET25 (Satelec, France) attached to P5 
ultrasonic scaler (Satelec, France) was used 
to locate the canal and access through the 
calcification. The ultrasonic tip operated till 
reaching the predetermined planned length. 
After reaching the length, the 3D guide was 
removed, and rubber dam isolation was 
done. K file #10 and #15 (Mani, Japan) were 
used to negotiate the canals and working 
length was determined using electronic 
apex locator (Dentaport, Morita, Japan).  Root 
canal preparation was performed using 
rotary file system M3-Pro Gold (Udg, China) 
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Endodontic guides and ultrasonic tips
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Figure 1
A) Preoperative CBCT scan showing maxillary left central incisor with internal resorption and calcified root canal apical to the resorption. B) 
CBCT scan for a stone cast for the maxillary jaw converted to STL file. C) CBCT scan showing the virtual planning for the ultrasonic tip in a 

guided path to the calcified canal. D) Superimposition of the cast scan and the CBCT scan E) and F) design of the guide. G) The 3D printed 
guide fitting inside the patient’s mouth. H) Ultrasonic tip guided through the 3D acrylic guide. I) Ultrasonic tip after reaching the planned 
working length. J) Periapical radiograph showing the master gutta percha cone reaching the working length. K) Postoperative periapical 

radiograph showing MTA in the resorptive area and gutta percha apically. L) One-year follow up periapical radiograph with normal periapical 
bone and periodontium.
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Figure 2
A) Preoperative CBCT scan showing maxillary right first molar with calcified coronal part of the DB canal. B) CBCT scan for a stone cast for 

the maxillary jaw converted to STL file. C) CBCT scan showing the virtual planning for the ultrasonic tip in the guided path to the calcified 
canal. D) Superimposition of the cast scan and the CBCT scan. E) Design of the 3D guide. F) Acrylic guide fitting on the cast. G) 3D printed 

guided fitting inside the patient’s mouth. H) Ultrasonic tip in the planned path through the acrylic guide. I) Ultrasonic tip after reaching the 
planned working length. J) Negotiation of the DB canal using k file #10. K) Periapical radiograph showing k file reaching the working length 

in the DB canal. L) Periapical radiograph showing the master gutta percha cones. M) Postoperative periapical radiograph showing the 
obturated maxillary first molar. N) One-year follow up periapical radiograph with normal periapical bone and periodontium.

A B C

D E F

G H I

J K L M N

with the following sequence 20 .04, 25 
.06, 30 .04, 35 .04, 40 .04 at 300 rpm rota-
tional speed and 1.5 N/cm2 torque.
Copious irrigation using 2.5% sodium 
hypochlorite (NaOCl) was performed 

along the procedure. Finally, active irri-
gation using 2.5% NaOCl was performed 
using ultrasonic tip ET25 for one minute 
to ensure proper cleaning of the resorp-
tive defect. 
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Following canal dryness, warm vertical 
compaction technique was used to seal 
the apical third of the canal using master 
gutta percha cone 40 .04 (Meta Biomed, 
Chungcheongbuk-do, Republic of Korea) 
and AH Plus resin sealer (Dentsply Tulsa 
Dental, Tulsa, OK, USA). The coronal 
portion of the canal was filled with MTA 
(Angelus, Londrina, Parana, Brazil).

#Case 2
On November 2, 2019, 43-year old male 
patient was referred to our clinic for 
endodontic treatment of the maxillary 
right first molar. The mesiobuccal (MB) 
and palatal (P) canals were prepared by 
the referring dentist who failed to locate 
the distobuccal (DB) canal after trough-
ing.  
Clinical examination revealed a previ-
ously initiated root canal therapy. The 
tooth was sensitive to percussion, nega-
tive on palpation and no swelling was 
noted. Two-dimensional periapical radi-
ographic examination revealed widening 
of the periodontal membrane space. CBCT 
confirmed calcification of the coronal 2.4 
mm of the DB canal. Ultrasonic troughing 
was done in a wrong direction endanger-
ing the furcation.  
Different treatment options were dis-
cussed with the patient taking into con-
sideration the case difficulty. The use of 
3D guide was decided, and a written 
consent was obtained. Maxillary impres-
sion and cast fabrication were performed 
as detailed in the first case. Clinical 
procedures were done under local anes-
thesia. The 3D guide was properly seated 
on the occlusal surfaces as designed. An 
ultrasonic tip ET25 (Satelec, France) at-
tached to P5 ultrasonic scaler (Satelec, 
France) used to locate the canal and ac-
cess through the calcification. The ultra-
sonic tip operated till the predetermined 
planned length. After reaching the length 
the guide was removed and rubber dam 
isolation was done. K file #10 and #15 
(Mani, Japan ) were used to negotiate the 
canals and working length was deter-
mined using electronic apex locator (Root 
ZX II, Morita, Japan). The DB canal was 
prepared using rotary file system M3-Pro 

Gold (Udg, China) with the following 
sequence 17 .04, 20 .04, 25 .06, 30 .04, 35 
.04.  Refinement of the preparation of the 
MB and P canals was done.  
The root canals were irrigated using 2.5% 
sodium hypochlorite (NaOCl) along the 
procedure followed by manual dynamic 
agitation for 5 minutes (100 stroke per 30 
seconds) using master gutta percha cone 
35 .04 in MB and DB canals and 50 .02 in 
the palatal canal.
Following canal dryness, warm vertical 
compaction technique was applied using 
master gutta percha cones (Meta Biomed, 
Chungcheongbuk-do, Republic of Korea) 
and AH Plus resin sealer (Dentsply Tulsa 
Dental, Tulsa, OK, USA).  
At two-week follow-up examination, both 
cases were totally asymptomatic, negative 
on palpation and percussion.Both cases 
were referred for prosthetic treatment.  
One-year follow-up showed good evi-
dence of healing and normal periapical 
radiographic appearance.

Fabrication of the endodontic guide
Limited field of view, high resolution 
CBCT scan for the patient was stored in 
Digital Imaging and Communication 
(DICOM) format. Record of tooth surface 
and soft tissue surfaces was obtained 
indirectly by scanning the model ob-
tained from the impression. One quadrant 
was obtained to secure a stable support 
for the guide. CBCT scan for the stone 
cast was exported from DICOM file to 
Surface tessellation language (STL) file 
using special software (Romexis). Data 
from DICOM format of the patient and 
STL file of the study cast was imported 
and superimposed over each other on 
software that was originally designed for 
guided implantology (DDS PRO, Poland). 
During superimposition, three to six 
points or reference landmarks are 
marked, then the software automatically 
merges both scans. Tracing of the calci-
fied canal was performed, and if the canal 
is not visible, law of canal centrality was 
followed. The target point was placed at 
the first visible part of the pulp canal 
space. Virtual drill path, 1 mm in diam-
eter, was planned by placing a thin drill 
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along the path of the canal and maintain 
centrality within the root. The angle of 
the drill was a bit tilted to avoid the in-
cisal edge.  
Virtual images of the ultrasonic tip were 
designed and implemented in the soft-
ware to the proper position and direction 
at the beginning of the root canal beyond 
the calcification.  The data was transferred 
to a three-dimensional printer (Formlab 
3, USA), and the three-dimensional tem-
plate was fabricated. 

Discussion

Pulp space calcification is considered a 
normal aging process.  Nowadays, there 
are lots of elderly patients retaining their 
normal dentition, showing pulp space 
calcifications, in need of root canal treat-
ment (10).   
Dental trauma is a major cause of pulp 
space calcifications in younger patients 
(11). Calcified dental pulp does not require 
any intervention; yet, about 1-27% of these 
pulps will become necrotic at a certain 
point (12).  
Localization and negotiation of the root 
canal orifice past the calcification is a 
challenging procedure which might be 
associated with procedural errors such 
as loss of tooth structure, ledge formation, 
risk of fracture, and perforation (13, 8).
Three-dimensional CBCT imaging is 
valuable tool in endodontic diagnosis, 
assessing treatment outcomes, studying 
root canal morphology, pre-surgical plan-
ning, and guided endodontic treatment 
(6, 7).
Three-dimensional endodontic guides 
have been previously reported in man-
agement of root canals with calcifications 
(2, 8, 13-16). This technique is reported to 
be fast, safe and predictable.  
The 3D guides direct the drill to the prop-
er position, without the need for dental 
operating microscope, without any report-
ed procedural errors to date reported.This 
technique replaced the valuable chairside 
time by spending time in the digital lab 
designing and manufacturing the guide. Yet, 
further research is deemed mandatory in 
this field in order to reach a standardize 

clinical protocol. In both cases reported, 
silicon impression was obtained that yield-
ed great precision. Silicon impression is 
readily available, easy to use and less cost-
ly than optical impression which was used 
in all previously reported cases (2, 15, 17). 
The use of drills or round burs with res-
in-based guide will result in damage of the 
guide.  Metallic sleeves are used with drills 
in order to keep it within the planned path. 
In both cases reported, ultrasonic tip ET25 
was used which allowed the use of res-
in-based guide without metallic sleeves and 
kept the amount of tooth structure lost to 
minimum.
No radiographs were needed during drilling 
which was terminated upon reaching the 
predetermined working length.  
The first limitation of these 3D guides is the 
relatively large amount of tooth structure 
lost due to the drill size used. Yet, the loss 
of tooth structure is less than that occur-
ring without using 3D guides, even when 
dental operating microscope is used (13). 
Connert et al (16) used this technique in 
mandibular incisors with very small drills 
that were quite precise in such narrow 
canals. In both cases reported, ET25 ultra-
sonic tip was used which is 20 mm in 
length, 0.3 mm in diameter at the tip with 
3% taper; much smaller than any other 
drill or bur previously used. 
The second limitation is related to the in-
terocclusal distance available as previously 
reported by Connert et al (16) who suggest-
ed that it might be inapplicable in posterior 
teeth.  In the present case report, similar to 
Lara Mendes et al (17), it was possible to 
apply the 3D guides in maxillary molars.  
Patients with limited mouth opening might 
not be good candidates for the 3D guides.  
Buchgreitz et al (2) reported successful use 
of intracoronal 3D guides in order to over-
come the constrain of interocclusal distance 
available, especially in posterior teeth. 
The third limitation is the inability to apply 
these guides beyond curvatures, limited to 
the straight portion of the canal (16)
As long as pulp space calcifications are 
located mostly in the straight portion of the 
canal, cervical and middle thirds (18), the 
3D guides appear to be applicable in most 
of the cases. 
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Conclusions

Endodontics guides and ultrasonic tips were 
shown to be a valuable, predictable, safe, 
reliable and accurate technique for manage-
ment of calcified root canals. Three-dimen-
sional imaging using CBCT and CAD/CAM 
are needed to create accurate 3D guides. 
Further research is deemed mandatory in 
this field in order to reach a standardized 
clinical protocol.  

Clinical Relevance

Endodontics guides and ultrasonic tips were 
shown to be an excellent technique in man-
agement of root canal calcifications.  
 
Conflict of Interest

The authors deny any conflicts of interest 
related to this study.
 
Acknowledgments

None.

References
1 Andreasen FM, Kahler B. Pulpal response after 

acute dental injury in the permanent dentition: 
Clinical implications - A review. Vol. 41, Journal of 
Endodontics. Elsevier Inc.; 2015. p. 299-308. 

2 Buchgreitz J, Buchgreitz M, Bjørndal L. Guided 
Endodontics Modified for Treating Molars by Using 
an Intracoronal Guide Technique. J Endod [Internet]. 
2019;45(6):818-23. doi.org/10.1016/j.
joen.2019.03.010

3  Colleagues for Excellence ENDODONTICS Col-
leagues for Excellence Contemporary Endodontic 
Microsurgery: Procedural Advancements and Treat-
ment Planning Considerations. 2010. 

4  McCabe PS, Dummer PMH. Pulp canal obliteration: 
An endodontic diagnosis and treatment challenge. 
Vol. 45, International Endodontic Journal. 2012. p. 
177-97. 

5  Alemam S, Abuelsadat S, Saber S, Elsewify T. Ac-
curacy, sensitivity and specificity of three imaging 
modalities in detection of separated intracanal 
instruments. G Ital Endod [Internet]. 2020 Jun 6 
[cited 2021 Apr 5];34(1):97-103. doi.
org/10.32067/GIE.2020.34.01.03

6  Patel S, Brown J, Pimentel T, Kelly RD, Abella F, 
Durack C. Cone beam computed tomography in 
Endodontics – a review of the literature [Internet]. 
Vol. 52, International Endodontic Journal. Blackwell 
Publishing Ltd; 2019 [cited 2020 Nov 20]. p. 1138-
52.  doi: 10.1111/iej.13115.

7 Patel S, Brown J, Semper M, Abella F, Mannocci F. 

European Society of Endodontology position state-
ment: Use of cone beam computed tomography in 
Endodontics: European Society of Endodontology 
(ESE) developed by: Int Endod J [Internet]. 2019 
Dec 1 [cited 2020 Nov 20];52(12):1675-8. Availa-
ble from: https://pubmed.ncbi.nlm.nih.
gov/31301231/

8  van der Meer WJ, Vissink A, Ng YL, Gulabivala K. 
3D Computer aided treatment planning in endo-
dontics. J Dent. 2016 Feb 1;45:67-72. 

9  Pirani C, Spinelli A, Marchetti C, Gandolfi MG, Zam-
parini F, Prati C, et al. Use of dynamic navigation 
with an educational interest for finding of root 
canals. G Ital Endod. 2020;34(1):82-9. doi.
org/10.32067/GIE.2020.34.01.02.

10  Wu B, Hybels C, Liang J, Landerman L, Plassman 
B. Social stratification and tooth loss among mid-
dle-aged and older Americans from 1988 to 2004. 
Community Dent Oral Epidemiol [Internet]. 2014 
Dec 1 [cited 2020 Nov 3];42(6):495-502. doi.wiley.
com/10.1111/cdoe.12116.

11  Ranjitkar S, Taylor JA, Townsend GC. A radiograph-
ic assessment of the prevalence of pulp stones in 
Australians. Aust Dent J. 2002;47(1):36-40. 

12  Oginni AO, Adekoya-Sofowora CA, Kolawole KA. 
Evaluation of radiographs, clinical signs and symp-
toms associated with pulp canal obliteration: An 
aid to treatment decision. Dent Traumatol [Internet]. 
2009 Dec [cited 2020 Nov 3];25(6):620-5. Availa-
ble from: https://pubmed.ncbi.nlm.nih.
gov/19917027/.

13 Krastl G, Zehnder MS, Connert T, Weiger R, Kühl S. 
Guided Endodontics: A novel treatment approach 
for teeth with pulp canal calcification and apical 
pathology. Dent Traumatol. 2016 Jun 1;32(3):240-6. 

14  Buchgreitz J, Buchgreitz M, Bjørndal L. Guided root 
canal preparation using cone beam computed 
tomography and optical surface scans – an obser-
vational study of pulp space obliteration and drill 
path depth in 50 patients. Int Endod J. 2019 May 
1;52(5):559-68. 

15  Zehnder MS, Connert T, Weiger R, Krastl G, Kühl S. 
Guided endodontics: accuracy of a novel method 
for guided access cavity preparation and root canal 
location. Int Endod J. 2016 Oct 1;49(10):966-72. 

16  Connert T, Zehnder MS, Weiger R, Kühl S, Krastl G. 
Microguided Endodontics: Accuracy of a Miniatur-
ized Technique for Apically Extended Access Cavi-
ty Preparation in Anterior Teeth. J Endod [Internet]. 
2017 May 1 [cited 2020 Nov 3];43(5):787–90. 
Available from: https://pubmed.ncbi.nlm.nih.
gov/28292595/

17  Lara-Mendes ST d. O, Barbosa C de FM, Santa-Ro-
sa CC, Machado VC. Guided Endodontic Access in 
Maxillary Molars Using Cone-beam Computed To-
mography and Computer-aided Design/Comput-
er-aided Manufacturing System: A Case Report. J 
Endod. 2018 May 1;44(5):875-9. 

18  Smith JW. Calcific metamorphosis: A treatment 
dilemma. Vol. 54, Oral Surgery, Oral Medicine, Oral 
Pathology. 1982. p. 441-4. 

https://doi.org/10.32067/GIE.2020.34.01.03
https://doi.org/10.32067/GIE.2020.34.01.03
https://doi.org/10.32067/GIE.2020.34.01.03
https://doi.org/10.32067/GIE.2020.34.01.03
https://doi.org/10.32067/GIE.2020.34.01.03
https://doi.org/10.32067/GIE.2020.34.01.03
https://doi.org/10.32067/GIE.2020.34.01.03
https://doi.org/10.32067/GIE.2020.34.01.03
https://doi.org/10.32067/GIE.2020.34.01.03
https://doi.org/10.32067/GIE.2020.34.01.03
https://doi.org/10.32067/GIE.2020.34.01.03
https://doi.org/10.32067/GIE.2020.34.01.03
https://doi.org/10.32067/GIE.2020.34.01.03
https://doi.org/10.32067/GIE.2020.34.01.03
https://doi.org/10.32067/GIE.2020.34.01.03
https://doi.org/10.32067/GIE.2020.34.01.03
https://doi.org/10.32067/GIE.2020.34.01.03
https://doi.org/10.32067/GIE.2020.34.01.03
https://doi.org/10.32067/GIE.2020.34.01.03
https://doi.org/10.32067/GIE.2020.34.01.03
https://doi.org/10.32067/GIE.2020.34.01.03
https://doi.org/10.32067/GIE.2020.34.01.03
https://doi.org/10.32067/GIE.2020.34.01.03
https://doi.org/10.32067/GIE.2020.34.01.03
https://doi.org/10.32067/GIE.2020.34.01.03
https://doi.org/10.32067/GIE.2020.34.01.03
https://doi.org/10.32067/GIE.2020.34.01.03
https://doi.org/10.32067/GIE.2020.34.01.03
https://doi.org/10.32067/GIE.2020.34.01.03
https://doi.org/10.32067/GIE.2020.34.01.03
https://doi.org/10.32067/GIE.2020.34.01.03
https://doi.org/10.32067/GIE.2020.34.01.03
https://doi.org/10.32067/GIE.2020.34.01.03
https://doi.org/10.32067/GIE.2020.34.01.03
https://doi.org/10.32067/GIE.2020.34.01.03
https://doi.org/10.32067/GIE.2020.34.01.03
https://doi.org/10.32067/GIE.2020.34.01.03
https://doi.org/10.32067/GIE.2020.34.01.03
https://doi.org/10.32067/GIE.2020.34.01.03
https://doi.org/10.32067/GIE.2020.34.01.03
https://doi.org/10.32067/GIE.2020.34.01.03
https://doi.org/10.32067/GIE.2020.34.01.03
https://doi.org/10.32067/GIE.2020.34.01.03
https://doi.org/10.32067/GIE.2020.34.01.03
https://doi.org/10.32067/GIE.2020.34.01.03
https://doi.org/10.32067/GIE.2020.34.01.03
https://doi.org/10.32067/GIE.2020.34.01.03
https://doi.org/10.32067/GIE.2020.34.01.03
https://doi.org/10.32067/GIE.2020.34.01.03
https://doi.org/10.32067/GIE.2020.34.01.03
https://doi.org/10.32067/GIE.2020.34.01.03
https://doi.org/10.32067/GIE.2020.34.01.03
https://doi.org/10.32067/GIE.2020.34.01.03
https://doi.org/10.32067/GIE.2020.34.01.03
https://doi.org/10.32067/GIE.2020.34.01.03
https://doi.org/10.32067/GIE.2020.34.01.03
https://doi.org/10.32067/GIE.2020.34.01.03
https://doi.org/10.32067/GIE.2020.34.01.03
https://doi.org/10.32067/GIE.2020.34.01.03
https://doi.org/10.32067/GIE.2020.34.01.03
https://doi.org/10.32067/GIE.2020.34.01.03
https://doi.org/10.32067/GIE.2020.34.01.03
https://doi.org/10.32067/GIE.2020.34.01.03
https://doi.org/10.32067/GIE.2020.34.01.03
https://doi.org/10.32067/GIE.2020.34.01.03
https://doi.org/10.32067/GIE.2020.34.01.03
https://doi.org/10.32067/GIE.2020.34.01.03
https://doi.org/10.32067/GIE.2020.34.01.03
https://doi.org/10.32067/GIE.2020.34.01.03
https://doi.org/10.32067/GIE.2020.34.01.03


17

Corresponding author 
Emmanuel Silva | Rua Herotides de Oliveira, 61/902, Icaraí, Niterói | RJ
Tel + 55 21 98357-5757 | Email nogueiraemmanuel@hotmail.com

Available online at www.giornaleitalianoendodonzia.it

10.32067/GIE.2021.35.01.33 
Società Italiana di Endodonzia. Production and hosting by Ariesdue.  This is an open access article under the CC BY-NC-ND license  
(http://creativecommons.org/licenses/by-nc-nd/4.0/).

Peer review under responsibility of Società Italiana di Endodonzia

Giornale Italiano di Endodonzia (2021) 35

Kely Firmino Bruno1

Maykely Naara Morais 
Rodrigues1

Ana Helena Gonçalves de 
Alencar2

Débora Junqueira Campos 
Paranhos1

Samuel dos Reis1

Emmanuel J.N.L. Silva3*

1Department of Endodontics, Sul 
Americana College, Goiânia, GO, Brazil

2Department of Endodontics, School 
of Dentistry, Federal University of 
Goiás, Goiânia, GO, Brazil

3Department of Endodontics, Rio 
de Janeiro State University, Rio de 
Janeiro, RJ, Brazil

ABSTRACT

Aim: The present report describes the endodontic treatment of an immature max-
illary central incisor with an open apex and extensive periapical lesion. 
Summary: Cone-beam computed tomographic images demonstrated the unusual 
root canal anatomy and a contemporary approach using bioceramic intracanal 
dressing, root repair materials and root canal sealers were used. One year after the 
end of treatment, the patient was asymptomatic and a new cone-beam computed 
tomographic exam showed complete apical repair, with deposition of mineralized 
tissue and closure of the root apex. The combination of modern imaging and the 
use of contemporary materials contributed to adequate diagnosis, planning and 
treatment of this case. 
Key-learning points
 • Immature permanent teeth with apical periodontitis represent a clinical challenge.
 • Calcium silicate-based materials are widely used in endodontics, mainly due to 
their excellent biological and physical properties.

 • The association of different type of calcium silicate-based materials could be a 
good option of the treatment of immature permanent teeth with apical periodon-
titis. 

CASE REPORT

A contemporary approach to treat necrotic 
immature teeth using different bioceramic 
materials 

KEYWORDS Apexificication, immature teeth, periapical lesion, tricalcium silicate-based material
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Introduction

I
mmature permanent teeth with apical 
periodontitis represent a clinical 
challenge. The presence of a wide root 
canal, which hinders effective decon-
tamination; the fragility of the den-

tinal walls; and the presence of a wide 
foramen are the greatest difficulties for an 
adequate prognosis of these teeth. Apexi-
fication with calcium hydroxide has been 
widely proposed for these cases. However, 
there are major disadvantages within this 
therapy, mainly related to long treatment 
time, unpredictability in the formation of 
the apical barrier (1, 2), risk of root fracture 
due to prolonged exposure to calcium 
hydroxide (2) and persistence of a short 
root with thin walls (3).
New therapies such as performing apical 
barriers with biomaterials, which allow 
safe root canal filling in a reduced number 
of sessions, have been recommended. For 
these techniques, calcium silicate-based 
materials are suggested due to their excel-
lent biological and physico-chemical 
properties (4-6). Based on these favorable 
properties, calcium silicate-based materi-
als also started to be marketed as root canal 
sealer and intracanal dressing, bringing a 
new therapeutic aspect in endodontics. 
When used as root canal sealer, these ma-
terials have shown tissue compatibility (7), 
bioactivity with calcium release (8, 9), 
strong alkalinization activity (8, 10), good 
bond strength and excellent adhesion 
pattern to the root canal walls (11), radi-
opacity (8, 10, 12) and adequate flow (10).
Recently, a new ready-to-use bioceramic 
intracanal dressing, composed of tricalci-
um and dicalcium silicates, tricalcium 
aluminate and calcium oxide, was 
launched on the endodontic market (Bio-C 
Temp; Angelus, Londrina, Brazil). Accord-
ing to the manufacturer this is a biocom-
patible material, with high alkalinity (pH 
12±1) and high radiopacity. It also has in 
its composition a long chain polymer, 
which prevents the interlacing of the crys-
tals formed, preventing the product from 
hardening, and facilitating its removal 
(http://www.angelusdental.com/products/
details/id/214).

The present case report describes the 
treatment of an immature permanent tooth 
with an open apex and extensive periapi-
cal lesion, in which bioceramic intracanal 
dressing, root repair materials and root 
canal sealers were used. 

Case Report

The PRICE guidelines were followed in 
this manuscript (Supplementary figure 5) 
(13). A 14-year-old girl was referred for 
evaluation of tooth #8, with a previous 
history of dental trauma, two years earlier. 
On clinical examination, the patient was 
symptomatic, with tooth discoloration, 
edema without floating point, negative 
response to cold pulp vitality test (End-
ofrost; Roeko, Langenau, Germany) and 
positive responses to vertical and horizon-
tal percussion and apical palpation tests. 
The cold pulp vitality test was also per-
formed on teeth #7 and #9, with positive 
responses in both.
On periapical radiographic exam, a short 
root with a wide canal and open apex was 
observed, associated with extensive peri-
apical lesion (Figure 1). Cone-beam com-
puted tomography (PreXion 3D Inc., San 
Mateo, CA, USA) revealed an extensive 
unilocular lesion with defined limits, 
expansion of bone cortical, with rupture 
of the vestibular and lingual bone crest, 
associated with the roots of teeth #8 and 
#7. Also, it was possible to observe the 
presence of external apical root resorption 
and open apex only in the palatal face, in 
the teeth #8 (Figure 2 and Supplementary 
video 1).
Based on clinical and imaging findings, 
an acute dentoalveolar abscess was diag-
nosed and endodontic treatment was 
proposed. The proposed treatment was 
discussed and authorized by the patient’s 
legal responsible, through the informed 
consent form. 
In the first appointment, after local anes-
thesia and rubber dam isolation, access 
cavity was performed, and the canal was 
copiously irrigated with 2.5% sodium 
hypochlorite (NaOCl). Then, the working 
length (WL) was established using a size 
80 K-file (Dentsply-Maillefer, Ballaigues, 

Figure 1
Initial periapical radiography 

of tooth #8.

http://www.angelusdental.com/products/details/id/214
http://www.angelusdental.com/products/details/id/214
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Switzerland). At this point the tooth pre-
sented copious drainage of purulent se-
cretion. A vigorous irrigation protocol was 
performed using 20 ml of 2.5% NaOCl with 
4 cycles of activation using Irrisonic ul-
trasonic insert (Helse Ultrasonic, Florida, 
USA) 1 mm bellow the root apex. After-
wards, the intracanal bioceramic dressing 
Bio-C Temp (Angelus) was inserted and 
temporary coronal restoration with glass 
ionomer was performed. 
For six months, three changes of intracanal 
dressing were performed, always under 
rubber dam isolation. In all sessions, an 
irrigation protocol was performed with 
activation of the irrigant, alternating the 
ultrasonic insert Irrisonic and the Easy 
Clean instrument (Bassi Endo, Florida, 
USA) coupled in a low rotation contra-an-
gle. After the six months, the complete 
remission of signs and symptoms was 
achieved, with radiographic visualization 
of partial apical closure and deposition of 
mineralized tissue in the apex (Figure 3A). 
Therefore, root canal filling procedures 
were performed. Initially, an apical plug 
was made with Biodentine® bioceramic 

repair cement (Septodont, Saint-Maur-des-
Fossés, France). After the initial setting 
time of 20 minutes, the root canal was 
filled with gutta-percha cone #140 and 
accessory cones (Denstply-Maillefer) and 
BioRoot RCS® bioceramic root canal seal-
er (Septodont). Down-pack procedures 
were performed using a medium-size 
thermoplasticizer tip (Bassi Endo, Belo 
Horizonte, MG, Brazil) and a heat source 
(Bassi Endo) 5 mm short of the WL. (Figure 
3B). Backfill were then performed by in-
jecting gutta-perch in 4-mm increments 
into the canal. A gutta percha obturation 
gun (Bassi Endo) with #23-gauge needle 
was set on 180 °C and gutta percha pellets 
(Bassi Endo) and NiTi pluggers (Bassi 
Endo) were used during backfilling pro-
cedures (Figure 3C).
For coronal restoration, the enamel surface 
was etched for 15s with 35% phosphoric 
acid Ultra Etch (Ultradent, Utah, EUA), 
washed for 20s and dried, avoiding desic-
cation. Then, two consecutive layers of 
Single Bond Universal Adhesive (3M, 
Minneapolis, MN, USA) were applied on 
enamel and dentin, dried with oil free 

B C

D E

Figure 2
Initial cone-beam computed 

tomography of tooth #8 (E-Vol 
DX software). A) Axial 

section of the root apical 
portion. B) Axial section of 

the apical region. C) Sagittal 
section. D) Coronal section. 
E) 3D reconstruction of the 
foraminal opening. F) Front 

3D reconstruction.

A

E
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compressed air during 10s and cured for 
20s with a led device Valo Cordless (Ultra-
dent). Then, the cavity preparation was 
restored using a nanofilled composite 
resin A3 Filtek Z-350 (3M) in layers up to 
2mm that were cured individually for 20s. 
All the procedures had been undertaken 
under rubber dam isolation. 
In the 12-month follow-up, the patient was 
asymptomatic and without infection. 
Cone-beam computed tomography (PreX-
ion 3D Inc., San Mateo, CA, USA) showed 
complete periapical repair, with deposition 
of mineralized tissue and root apex closure 
(Figure 4 and supplementary video 2).

Discussion

Regenerative endodontics is a viable ther-
apeutic option with a high success rate for 
immature teeth, even in cases with peria-
pical disease, as it allows for continued 
root formation in length, thickness and 
apical closure (14). However, in the present 
report, this treatment was not performed, 
since the apical root portion of tooth had 
already started its formation, with an 
opening only on the palatal surface, as 
observed in the cone-beam computed to-
mographic exam, which made the induc-
tion of bleeding into the root canal, indis-
pensable for root maturation, unpredicta-
ble (14).
In the present case report, 2.5% NaOCl was 
constantly activated with ultrasonic insert 
and Easy Clean instrument. Literature 
demonstrates an improvement in the clean-
ing and disinfections of the root canal 

using final agitation protocols (15-19). Al-
though highly effective, there are some 
concerns regarding the risk of apical ex-
trusion in immature teeth. However, a 
recent study demonstrated that conven-
tional irrigation without agitation caused 
the same extrusion pattern, in immature 
teeth, as the techniques activated with 
ultrasonic insert and mechanical agitation 
instruments such as Easy Clean (14). Such 
techniques have an important role in the 
treatment of immature teeth with thin 
walls, as instrumentation procedures must 
be minimal or even contraindicated. 
Another important step for root canal 
disinfection is the use of intracanal dress-
ing. In the present case, bioceramic dress-
ing Bio-C Temp was chosen. According to 
the manufacturer, its advantage over cal-
cium hydroxide pastes lies in its low sol-
ubility, allowing the use of this material 
for a long period of time, increasing the 
pH gradually and continuously, with no 
need of frequent substitutions. Further-
more, its particle is micronized (<2 µm), 
with an improvement in its physical prop-
erties such as greater flow and penetrabil-
ity in the accessory canal and dentinal 
tubules; and with greater product reactiv-
ity and release of calcium and hydroxyl 
ions (http://www.angelusdental.com/
products/details/id/214). 
The new bioceramic dressing Bio-C Temp 
had acceptable cell viability, similar to that 
of MTA Flow (Ultradent) e UltraCal XS 
(Ultradent) at the highest dilutions, and 
resulted in less tooth colour change (20). 
When compared to calcium hydrox-

B CAFigure 3
A) Radiographic aspect of 

the intracanal dressing Bio-C 
Temp on tooth #8. B) Apical 

plug with Biodentine and 
down-pack procedures in the 

apical third with BioRoot 
RCS. C) Final radiography 

after filling with backfill.

http://www.angelusdental.com/products/details/id/214
http://www.angelusdental.com/products/details/id/214
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ide-based intracanal medicaments, Bio-C 
Temp had similar cytocompatibility at 
higher dilutions, and higher or similar 
induction of alkaline phosphatase activity 
and deposition of mineralized nodules in 
comparison with Calen (SS White, PR, 
Brazil) and Ultracal XS (Ultradent). How-
ever, this new material showed significant-
ly less antibacterial and antibiofilm activ-
ity than these other intracanal medica-
ments (21). Previous studies of calcium 
silicate-based materials also revealed ex-
cellent cytocompatibility and bioactive 
properties in direct contact with stem cells 
from human exfoliated deciduous teeth 
(22) and human dental pulp cells (23).          
Biodentine cement was used during apical 
plug procedures, allowing root canal filling 
without risks of root canal sealer high 
extrusion. This is a bioactive dental sub-
stitute with excellent biological and me-
chanical properties, with emphasis on 
bioactivity (24), biocompatibility (25) and 
high resistance to compression (26). Also, 
its pre-dosed form, minimizes the opera-
tor’s interference in the consistency and 
homogenization of the material (27).

BioRoot RCS root canal sealer was used 
during filling procedures. In a comparative 
study with the Pulp Canal Sealer, BioRoot 
RCS exhibited less toxic effect on cells of 
the periodontal ligament and induced 
greater release of angiogenic and osteogen-
ic growth factors (28). Siboni et al. (8) also 
found that this sealer showed a greater 
release of calcium ions, with a higher ca-
pacity for forming carbonated apatite when 
compared to MTA Fillapex, AH Plus and 
Pulp Canal Sealer. This characteristic of 
bioactivity can contribute significantly to 
apical repair, inducing greater deposition 
of mineralized tissue, which is essential 
in extensive lesions.

Conclusions

The used protocol culminated in clinical 
success and complete periapical repair. 
After 12 months of root canal filling pro-
cedures, deposition of mineralized tissue 
and apical closure with hard tissue depo-
sition were observed. Through the afore-
mentioned criteria, the combination of 
modern imaging and the use of contempo-

B C

D E

A

E

Figure 4
Cone-beam computed 

tomography 12 months after 
tooth #8 preservation 

(Software E-Vol DX). A) Axial 
section of the root apical 

portion. B) Axial section of 
the apical region. C) Sagittal 
section. D) Coronal section. 
E) 3D reconstruction of the 

root canal filling. F) Front 3D 
reconstruction. 
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rary materials contributed to adequate di-
agnosis, planning and treatment of this 
case. 

Clinical Relevance

The combination of modern imaging and 
the use of contemporary materials contrib-
uted to adequate diagnosis, planning and 
treatment of this immature maxillary 
central incisor with an open apex and ex-
tensive periapical lesion. 
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ABSTRACT

Aim: This case series reports the nonsurgical management of five maxillary first 
molars with five root canals in different ethnic groups and geographic locations.
Summary: Diagnosis and management of complex root canal anatomy, especially 
of the maxillary first molar, can be frustrating and challenging and also may increase 
the risk of failure if not managed with appropriate tools. In this case series the 
primary endodontic treatment of four, and a nonsurgical retreatment of one max-
illary first molar with five root canals treated by three different endodontists from 
India, Spain, and Portugal has been described. None of the cases presented in 
the paper were performed without magnification and troughing of the pulp cham-
ber floor using ultrasonic tips. Although CBCT wasn’t used in all cases, its prudent 
use respecting the ALARA principle is highlighted in the paper. This paper also 
highlights the importance of anatomical variations in different ethnic groups with 
the maxillary first molar.
Key-learning points
 • Operator should consider the ethnicity of the patient and thoroughly study pre-op-
erative radiographs to carry out successful endodontic treatment. 

 • Use of magnification and ultrasonic tips are fundamental especially in treating 
unusual canal anatomies.

 • The prudent use of CBCT should be performed respecting the ALARA principle in 
all given situations. 

CASE SERIES

Nonsurgical management of maxillary  
first molars with 5 root canals

KEYWORDS anatomy, cone-beam computed tomography, maxillary first molar, nonsurgical retreatment
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Introduction

T
he failure of endodontic treat-
ment has often been accused of 
the anatomical complexities 
and variations that exist in the 
root canal system (1). Maxillary 

first molars have been shown to have an 
extra canal in the mesial root, ranging from 
48% up to 97.6% of the time, which is one 
of the most common variations of this tooth 
(2-4). Variations of palatal root having 2 
canals and/or 2 roots have also been report-
ed in some case reports (5, 6). Nonetheless, 
distal root has also variations reported with 
the presence of 2 (7) and even up to a 3 
canals configuration (6, 8). 
Technological advancements in dentistry, 
especially in endodontics regarding detec-
tion, improved cleaning & shaping, and 
obturation of the root canal space, have 
noticeably improved in the last decade. 
CBCT has proved to be an invaluable tool 
in endodontics for the detection of extra 
canals and also has been demonstrated to 
have higher sensitivity and specificity 
compared to traditional radiographs (9-12). 
Periapical radiographs have also been 
demonstrated to detect extra canals specif-
ically when a different beam angulation is 
used (13). It helps to spot superimposed 
roots, better visualize buccal roots for the 
maxillary molars, and makes it easier to 
visualize the apices of the roots usually 
covered by the zygomatic process (14). 
Considering the ALARA (As low as rea-
sonably achievable) principle (15), and ac-
cording to the latest guidelines, it is wise 
to use a CBCT only in cases where clinical 
examination and conventional radiography 
don’t provide sufficient information to 
perform the correct treatment (16). 
The dental operating microscope has 
demonstrated to detect more missed canals 
when compared to naked eyes and is found 
to detect MB2 canals ranging from 71-83% 
in the maxillary first molars when com-
pared to other magnification aids (4, 17, 18). 
A study even demonstrated that with the 
increase in operator experience with the 
operating microscope, the detection of 
additional canals can reach up to 93% (4). 
The use of magnification with the addition 

of ultrasonic troughing also has been prov-
en to help find missed canals (19, 20). 
The presence of root canal variations of 
teeth is dependent on the population being 
studied. In a worldwide analysis, it was 
found that the highest prevalence of an 
extra mesiobuccal (MB2) canal in the first 
maxillary molars was in the Belgian pop-
ulation. Also, other countries like India 
(64.8%), China (76.4%), Spain (68%), and 
Portugal (72.8%) had a high prevalence 
regarding its presence (3). Publications of 
maxillary first molars with five, six, seven, 
and even up to an eight canal configuration 
have also been reported in different popu-
lations including the Indian, American, 
and Brazilian population (7, 21-25). 
This case series reports the endodontic 
management of five maxillary first molars 
with the presence of 5 canals from different 
dental centers of India, Spain and Portugal.

Case report

This paper presents the endodontic treat-
ment of five maxillary first molars, out of 
which three were treated in 3 different 
private dental offices in Pune, India, one 
tooth treated in a private dental office in 
Lisbon, Portugal, and one tooth in Barce-
lona, Spain. A detailed clinical and radio-
graphic examination was performed for all 
the cases. None of the patients had any 
relevant medical history. All patients 
signed informed consent before starting 
any treatment. Vitality tests were carried 
out using a cold test and heated gutta-per-
cha. Local anaesthesia was administered 
in all the cases and treatments were carried 
out under absolute rubber dam isolation 
with either loupes or dental operating 
microscope used for magnification.

#Case 1 
A 40-year-old male of Indian origin was 
referred to a private office in Pune, India 
due to pain in the upper right region of the 
jaw. The referring dentist had made an 
access opening on the tooth 16 as an emer-
gency treatment. Probing depth of 5mm 
was noted in the distobuccal and distopal-
atal areas of the tooth and mobility were 
within physiologic limits. The tooth was 
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tender on vertical percussion and negative 
to palpation. Radiographic examination 
revealed deep distal caries and previous 
access cavity filled with a temporary res-
toration and periapical lesions associated 
with palatal and mesial roots (Figure 1A). 
The tooth 16 was therefore diagnosed as 
“Previously initiated therapy with symp-
tomatic apical periodontitis”.
After removal of temporary restoration and 
caries, a pre-endo build-up was performed 
with composite resin (Filtex Z250, 3M 
ESPE, St. Paul, MN, USA) using Automatrix 
(Dentsply Maillefer, Ballaigues, Switzer-
land). After pulp chamber debridement 
and irrigation, pinpoint bleeding was 
noted beside the distal canal. The access 
cavity was then modified using No. 3, 
Start-X (Dentsply Maillefer, Ballaigues, 
Switzerland) ultrasonic tips, and the pulpal 
floor was explored using a DG-16 explorer 
(Hu-Friedy, Chicago, IL) under a dental 
microscope (Extaro 300, Carl  Zeiss, 
Oberkochen, Germany). The tooth present-
ed with 2 mesiobuccal canals (MB1, MB2), 
2 distal canals (DB1, DB2), and 1 palatal 
canal. A 10 ISO K-file (Mani, Inc., Tochigi, 
Japan) was introduced into the canals 
which revealed that the mesial root canals 
(MB1, MB2) were completely independent, 
demonstrating a Vertucci’s type IV canal 
configuration, and the distal canals (DB1, 
DB2) joining at the apical third, demon-
strating a Vertucci’s Type II canal config-
uration. The WL was determined using 15 
ISO K-Files and an apex locator (VDW 
Gold, VDW, Munich, Germany) and then 
confirmed with a periapical radiograph 
(Figure 1B). A proglider (Dentsply Maillefer, 
Ballaigues, Switzerland) glide path file was 
used and Edge File X3 files (EdgeEndo, 

Albuquerque, NM, USA) were used to 
finish the cleaning and shaping of the root 
canals using 5.25% sodium hypochlorite 
and citric acid 10% alternatively. Sonic 
activation of the irrigants was performed 
intermittently using an EndoActivator 
system (Dentsply Maillefer, Ballaigues, 
Switzerland) for 1min in each canal. After 
confirming cone fit and drying the canals 
with paper points (Figure 1C, 1D), the ca-
nals were obturated using a warm vertical 
compaction technique with AH Plus seal-
er (Dentsply Maillefer, Ballaigues, Switzer-
land) (Figure 1E) and referred back to the 
referring dentist to complete the restorative 
procedure. 

#Case 2
A 54-year-old male of Indian origin report-
ed to our private practice with the chief 
complaint of pain on biting in the upper 
left back tooth. The clinical and radio-
graphic examination revealed deep distal 
caries with tooth 26 with an exaggerated 
response to cold test and positive vertical 
percussion (Figure 2A). Probing and mo-
bility were within physiologic limits. A 
diagnosis of “Irreversible pulpitis with 
symptomatic apical tissues” was made. 
After profound anaesthesia, removal of 
caries and raising of the mesial wall with 
a composite resin was performed. A con-
ventional access opening was then made 
and modified using Start-X ultrasonic tips 
(Dentsply Maillefer, Ballaigues, Switzer-
land). After scouting the canals the tooth 
revealed 2 palatal canals (P1, P2), 2 mesi-
al canals (MB1, MB2), and a single distal 
canal (MDB1). An attempt was made to 
search for the second distobuccal canal 
but it was concluded not to be present 

Figure 1
A) Pre-operative radiograph. 

B) Working length radio-
graph. C) Dried pulp 
chamber. D) Cone-fit 

radiograph. E) Post-operative 
radiograph

CBCT images exemplifying 
the different anatomic 
relationship between 

maxillary sinuses and 
molars.

A B C D E
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(Figure 2D). The mesial root canals (MB1, 
MB2) were completely separate demonstrat-
ing Vertucci’s Type IV canal configuration 
and the palatal root (P1, P2) revealed a 
Vertucci’s Type II canal configuration (Fig-
ure 2B). The canals were then instrumented, 

irrigated, and obturated similarly to case 1 
and then sealed with a temporary filling 
(Cavit, 3M ESPE, St Paul, MN) (Figure 2C).

#Case 3 
A 36-year-old Indian female came to our 
dental office as an emergency with a chief 
complaint of immense pain and sensitiv-
ity to cold in her upper right back region 
of the jaw. Radiographic examination re-
vealed deep mesial caries close to the pulp 
chamber. Clinical examination only re-
vealed an exaggerated response to the cold 
test. Percussion, Palpation were negative 
and mobility and probing were within 
physiologic limits. A diagnosis of “Irre-
versible pulpitis with normal apical tis-
sues” with tooth 16 was made. After caries 
excavation and an adequate rubber dam 
isolation, an access cavity was prepared 
taking advantage of the excavated caries. 
Removal of the pulp from the chamber and 
provisional instrumentation of the palatal 
canal was performed before the placement 
of calcium hydroxide (VOCO, Germany) 
and a provisional dressing (Cavit, 3M ESPE, 
St Paul, MN). A limited field of view CBCT 
was performed to confirm the anatomy of 
the tooth (Figure 3A). In the second visit, 
a 10 ISO k-file (Mani, Inc., Tochigi, Japan) 
was used to scout the canals and a 15 ISO 

Figure 2
A) Pre-operative radiograph. 
B) Working length radio-
graph. C) Final periapical 
radiograph. D) Dried pulp 
chamber.

A B C D

Figure 3
A) CBCT slice showing 5 root canals. B) Working 
length radiograph. C) Post-operative radiograph. 
D, E, F) Pulp chamber showing canal orifice 
obturated with gutta-percha. 

A D

B

E

C

F
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k-file was used to determine the working 
length similar to the previous cases (Figure 
3B). The CBCT and working length radio-
graph revealed a Vertucci’s Type II canal 
configuration of the palatal root (P1, P2), 
and mesial root (MB1, MB2), and a single 
canal in the distal root (D1). Instrumenta-
tion was performed using a combination 
of Edge File X3 and X5 file systems (Ed-
geEndo, Albuquerque, NM, USA) with 
continuous intermittent irrigation. Final 
irrigation was then performed, canals were 

dried, and obturated using a warm vertical 
condensation technique similarly to case 
1 (Figure 3C, D, E, F). 

#Case 4 
A 42-year-old Portuguese male came to our 
private practice in Lisbon, Portugal with 
a chief complaint of “I feel some discomfort 
in my upper back teeth”. Clinical and ra-
diographic examination revealed a huge 
disto-occlusal composite restoration on 
tooth 16 (Figure 4A). There was no re-
sponse to the cold test, but a low response 
when heated gutta-percha was applied. 
Probing and mobility were within physi-
ologic limits. A diagnosis of “Asymptom-
atic irreversible pulpitis with normal 
apical tissues” was made for tooth 16. 
After profound anesthesia and isolation, 
the tooth was accessed with a round bur 
(Mani, Inc., Tochigi, Japan) under an op-
erating microscope (OMS2380, Zumax 
Medical Co, Ltd, Suzhou, China). Using a 
DG-16 explorer (Hu-Friedy, Chicago, IL) a 
huge pulp stone from the pulp chamber 
was dislodged and removed. The access 
cavity was then refined using Start-X 
(Dentsply Maillefer, Ballaigues, Switzer-
land) ultrasonic tips, and pre-flaring of 
canals up to the middle third was per-
formed using Reciproc Blue 25 (VDW Gold, 
VDW, Munich, Germany) without any 
predetermined WL or glide path (Supple-
mentary Video 1). Multiple 15 ISO K-Files 
were used to check the type of anatomy of 
the canals, which revealed mesial root with 
2 individual canals (MB1, MB2), distal with 
2 canals (DB1, DB2) with Vertucci’s Type II 
configuration, and a single palatal canal. 
An R-Pilot (VDW Gold, VDW, Munich, 
Germany) in reciprocating motion was then 
used to create a glide path, and Reciproc 
Blue was used until the WL to complete 
the instrumentation (Supplementary Video 
1). Continuous irrigation with 4.25% sodi-
um hypochlorite was carried out between 
each instrument change. Sonic activation 
was performed using the Eddy activation 
tip (VDW, Munich, Germany). Calibration 
and cone fit radiograph were made, (Figure 
4B) and a warm vertical condensation was 
used with AH plus sealer to obturate the 
canals (Figure 4C, D, E). 

Figure 4
A) Pre-operative radiograph. 
B) Cone-fit radiograph. C, D) 
Post-operative radiograph. 
E) Pulp chamber showing 
canal orifices obturated with 
gutta-percha. 
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#Case 5 
A 42-year-old Spanish male was referred 
due to a vestibular abscess with tooth 16 
which was endodontically treated a year 
ago. Clinical examination showed that the 
tooth was positive to vertical percussion 
with grade II furcation involvement and 
grade I mobility. Slight buccal and palatal 
swelling was evident. Radiographic exam-
ination revealed a previously treated tooth 
with periapical radiolucency and a fiber 
post placed in the palatal root canal (Figure 
5A). A periapical radiograph suggested an 
uncentered palatal and mesial root obtu-
ration and a probable Vertucci’s Type V 
canal anatomy, missed in the palatal root 

(Figure 5A). A diagnosis of “Previously 
treated tooth with chronic apical abscess” 
with tooth 16 was determined. An or-
thograde retreatment was chosen as the 
treatment of choice. After profound anes-
thesia and removal of all old restoration, 
access was made with a careful approach 
towards the palatal root. The fiber post 
was distinguished due to its more trans-
lucent shade and was removed using ul-
trasonics (Start-X, Dentsply Maillefer, 
Ballaigues, Switzerland). The gutta-percha 
was removed using a Reciproc R25 (VDW 
Gold, VDW, Munich, Germany), and both 
the missed MB2 and the second palatal 
canal were negotiated using ISO 10 K-Files 
and then instrumented. Continuous irri-
gation with 4.25% sodium hypochlorite 
and 10% citric acid, and a final rinse with 
alcohol 96% was performed. The canals 
were then calibrated and obturated using 
a warm vertical condensation technique 
(Figure 5B). Following the retreatment, an 
overlay was then placed over the tooth 
(Figure 5C, D). A 6-month radiograph and 
CBCT, taken for implant placement pur-
poses, revealed the true anatomy of the 
tooth and reduction in the furcal and 
periapical radiolucency (Figure 5E, 5F). 

Discussion 

Different case report papers of upper first 
molars with five root canals have been 
published in the literature (22, 24, 26). One 
of the first, maxillary first molar with five 
root canals was reported by Cecic et al. in 
1982 (26). In this case report, the molar had 
two mesiobuccal, two palatals, and an 
individual distal root canal. Later a case 
report by Beatty in 1984 (24), showed the 
presence of three mesiobuccal root canal 
configuration. Reports of the maxillary 
first molar with four roots and different 
canal configurations have also been pub-
lished (27, 28). 
In the cases presented, all the five teeth 
had 2 mesiobuccal canals out of which 
three of the teeth had 2 canals in the pal-
atal root, and two of the teeth had 2 distal 
canals. Apart from demonstrating the 
prevalence of MB2 canal in geographical-
ly different population, this case series 

Figure 5
A) Pre-operative radiograph. B) Post-operative radiograph showing all 5 canals. C) 
Post-operative periapical radiograph and D) bite-wing radiograph demonstrating 
adaptation of indirect restoration. E, F) CBCT slices showing all 5 canals and 
reduction in the furcal and periapical radiolucencies.
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also emphasizes on the uncommon vari-
ations found with this tooth. Most case 
reports of maxillary first molars with more 
than five, even up to an eight canal con-
figuration have been reported from the 
Indian subcontinent (6, 7, 23). Cases report-
ed in this case series are specifically from 
regions where the incidence of anatomical 
variations in their population is reported 
to be high, affirming the published find-
ings.
Complete knowledge of the morphologic 
variations and anatomy with appropriate 
tools is essential especially for endodon-
tically treating rare variations in tooth 
anatomy (29). None of the cases reported 
were performed without magnification. 
Magnification has been proven to be an 
essential tool in endodontics. A study by 
Buhrley et al. (4) showed detection of MB2 
canals was almost three times higher 
when microscopes were used in compar-
ison to the naked eye, while dental loupes 
also performed equally well. All of the 
cases in this series needed some kind of 
modification of the access cavity with 
ultrasonic troughing to address these 
extra canals. 
Following the ALARA principle, CBCT 
was not used in each case in this series, 
although it has been demonstrated to 
detect more missed mesiobuccal (MB2) 
canals in the maxillary first molar espe-
cially in cases of retreatments, where one 
might suspect it to be present more often 
(30). Vasundhara et al. (31) also showed 
that CBCT performed significantly better 
in the detection of missed canals when 
compared with magnification. With its 
higher sensitivity and specificity and the 
advantages over the shortcomings of con-
ventional radiographs, CBCT has proven 
to be a vital tool in endodontics. 

Conclusions

This case series demonstrates the inci-
dence of maxillary first molars with 5 
canals and its different variations. It also 
validates the fundamental role of magni-
fication, ultrasonic, and CBCT in the 
endodontic management of such complex 
root canal anatomy. 

Clinical Relevance

The cases presented in this paper highlight 
the inevitable use of technology like mag-
nification, ultrasonic, and especially the 
prudent use of CBCT in the management 
of complex anatomies of the maxillary first 
molar in different ethnic groups.  
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ABSTRACT

Aim: To evaluate the effect of the position of fiber post placement on fracture resis-
tance and location in endodontically treated teeth.
Methods: Forty healthy double-rooted human first premolars were divided into five 
groups. S: healthy teeth without intervention; C: endodontic treatment with MOD 
cavity preparation; CR: restoration with composite resin; CMP: fiber post placed 
horizontally in the center of the middle third of the crown; CAP: fiber post placed 
horizontally 2 mm below the center of the middle third of the crown. After thermo-
cycling and fracture strength tests using a universal test machine, pulp floor involve-
ment was evaluated. The Tukey test was used for statistical analysis.
Results: Means and standard deviations of fracture strength (N) were as follow. S: 
2451A±552.9; C: 32.63B±4.89; CR: 398.7C±73.8; CRMFP: 1253D±82.15; and CRAFP: 
1156D±88.23 (different letters indicate statistical differences, P>0.05). Posts placed 
2 mm below the center of the middle third of the crown were associated with cata-
strophic fractures of the pulp chamber floor.
Conclusions: The position of a fiber post seems to affect fracture location. The use 
of fiber posts, regardless of position, increases fracture resistance of endodontical-
ly treated teeth.
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Effect of horizontal position of fiber post 
placement on fracture resistance and location 
in endodontically treated premolars with a MOD 
preparation
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Introduction

E
ndodontically treated teeth 
have a higher risk of biome-
chanical failure than vital 
teeth, despite advances in re-
storative materials and proce-

dures (1). The loss of structural integrity 
of cusps and ridges and the complete 
removal of the pulp chamber roof dur-
ing endodontic access affect tooth 
function because of cusp deflection, 
which may lead to a higher occurrence 
of fractures (2).
Restorative treatments using posts placed 
horizontally across the dental crown 
seem to be an excellent method to in-
crease the resistance to fracture of the 
crown in weakened teeth, although cat-
astrophic fractures may still occur (3-6).
According to Mangold et al (7), unfortu-
nately, most tooth fractures occur 2 to 3 
mm below the coronal margin, which 
may complicate restoration and make 
prognosis unclear. Dentists should be 
aware of the interaction between loads 
applied to the tooth, the distribution of 
areas of greatest stress and the types of 
potential fractures, so that they may plan 
a restorative treatment that eliminates or 
reduces the effect of these factors to pre-
serve any remaining tooth structure as 
much as possible. This study evaluated 
the effect of horizontally placed fiber 
posts on fracture strength and location 
in endodontically treated premolars re-
stored with a MOD preparation.
The initial null hypothesis was that there 

would be no influence of the horizontal-
ly placed fiber posts on fracture strength 
and location in the restored teeth.

Methods

This study was approved by the local Re-
search Ethics Committee (CAAE 
68708217.2.0000.5347).

Sample selection and preparation 
Forty double-rooted human maxillary first 
premolars, free of carious lesions, resto-
rations, or cracks were selected.
Buccolingual (9 mm ± 0.5 mm) and me-
siodistal (7 mm ± 0.5 mm) dimensions of 
the crowns were measured at the most 
prominent part of their surfaces using a 
digital caliper (Mitutoyo, Suzano, SP, Brazil).
After cleaning, the teeth were placed in 
0.5% chloramine (Seachem Laboratories, 
Madison, GA) for 48 hours for disinfection. 
After that, they were randomly divided 
into five experimental groups (Table 1).

Preparation of specimens
Each tooth was individually included in 
PVC cylinder measuring 2 cm in height and 
3 cm in diameter using a self-curing acryl-
ic resin. The specimens were centered inside 
the PVC cylinder and the anatomic neck of 
the tooth was kept 2 mm above the edge of 
the acrylic material. After that, the speci-
mens were stored in distilled water at 37 °C.

MOD cavity preparation
The inclination and movements of a #2143 
diamond bur (KG Sorensen, São Paulo, 

Table 1 
Experimental groups

Groups n Group Description

S 8 Healthy tooth

C 8 MOD preparation (MOD) + endodontic treatment (RCT)

CR 8 MOD + RCT + composite resin restoration (R)

CMP 8 MOD + RCT + horizontal fiberglass post transfixed in the middle third of dental crown center + R

CAP 8 MOD + RCT + horizontal fiberglass post transfixed 2 mm below the center  
of middle third dental crown + R
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Brazil) were standardized for the prepa-
ration of MOD cavities.
Cavity preparations followed the method 
described by Cötert et al (8) and Beltrão et 
al (9). A line from the central groove was 
drawn to ensure that the buccal and pal-
atal walls of the prepared area were at a 
distance that corresponded to two-thirds 
of the intercuspal distance. This line ran 
over the central groove, to the mesial 
surface, over the marginal ridge and towards 
the tooth neck to define a height of 4 mm for 
the preparation. The same buccolingual 
width previously determined on the occlusal 
surface was defined for the mesial surface, 
and the same width was defined for the 
proximal boxes. A #2143 diamond bur ini-
tially positioned on the mesial surface over 
the central line was used along a predeter-
mined length. Next, a mesiodistal box as 
wide as the tip was prepared. The buccal 
and palatal walls followed the predeter-
mined limits, so that the gingival floor was 
connected to the pulp floor of the occlusal 
box, forming a single mesiodistal corridor. 
Therefore, the MOD preparation had only 
buccal and palatal walls and a common 
mesiodistal floor; the buccal and palatal 
angles of the pulp chamber floor were 
rounded using a #2143 bur, replaced after 
each five cavity preparations. The superficial 
cavity angle was finished manually using 
#28 and #29 margin cutters (SSWhite Art. 
Dentários Ltda., Rio de Janeiro, Brazil). In 
group S, no MOD cavity was prepared.
After MOD preparation, the specimens were 
again stored in distilled water at 37 °C.

Endodontic treatment
The pulp chamber was accessed using #02 
and #04 Carbide burs (KG Sorensen Ind. 
E Com Ltda., Barueri, SP, Brazil) at high 
speed, under water cooling. Convenience 
form was established using the Endo Z tip 
(Dentsply Ind. E Com Ltda, Petrópolis, 
Brazil).
The working length was set at 1 mm short 
of the foramen, and canals were prepared 
following a serial technique using #15, 
#20, #25, #30, and #35 K-files (Dentsply/
Maillefer, Ballaigues, Switzerland). Canals 
were irrigated with 2.5% sodium hy-
pochlorite applied with a 10-mL plastic 
syringe and a 30-ga Navitip® (Ultradent 
Products, Inc. South Jordan, UT). The 
cervical area was prepared before canal 
preparation using a #35 La Axxess® bur 
(SybronEndo, Glendora, CA), 0.6 mm taper, 
to a depth of 5 mm of canal access, under 
irrigation with hypochlorite.
After cleaning and before filling, the ca-
nals were rinsed with 17% EDTA under 
agitation with a #35 file for 3 minutes. The 
canals were filled with gutta-percha cones 
and AH Plus® epoxi resin-based sealer 
(Dentsply/Maillefer Instruments SA, Bal-
laigues, Switzerland) using the Tagger 
hybrid technique and a #60 McSpadden® 
compactor (Dentsply/Maillefer Instru-
ments SA, Ballaigues, Switzerland).

Perforation for post placement
The fiber posts used were Reforpost® 
(Angelus, Londrina, Brazil) measuring 1.1 
mm in diameter. They were perforated on 
the buccal and palatal walls using a #3145 
diamond tip (KG Sorensen, São Paulo, 
Brazil) at high rotation and under refrig-
eration. As the #3145 tip has a diameter of 
1.2 mm, slightly larger than that of the 
post, the posts fit the perforated holes. The 
perforation of both buccal and palatal 
walls was simultaneous and along the 
axis of tip insertion. The tip was changed 
after perforation of each five teeth.
The teeth of the CMP group were perforat-
ed in the central area of the middle third 
of the crown on the two tooth surfaces. In 
the CAP group, the perforations were made 
2 mm below the most prominent point of 
the middle third of the crown (Figure 1).

Figure 1 
Schematic drawing of the 

transfix position of the 
fiberglass post in the dental 

crown A) middle third of 
dental crown; B) 2 mm below 

the middle third of dental 
crown.

A B
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Bonding of fiber posts place horizontally and 
restorative procedures
Bonding of the posts placed horizontally 
followed the protocol below:
-cleaning of the posts with 70% alcohol and 
drying with air spray;
-application of a silane layer (FGM Produtos 
Odontológicas, Joinville, Brazil); drying at 
room temperature, followed by application 
of air spray from a distance of 15 cm for one 
minute;
-application of a thin layer of Singlebond 
Universal adhesive (3M ESPE, St. Paul, MN), 
and photoactivation using a LED light unit 
(Bluephase, Ivoclar) for 20 seconds;
-enamel and dentin etching with 35% phos-
phoric acid (Dentsply Ind. e Com. Ltda, 
Petrópolis, Brazil) applied to the holes for 
15 seconds, then rinsing for 20 seconds and 
air drying for 5 seconds;
-etching of enamel on the cavity surface 
with 35% phosphoric acid for 30 seconds, 
rinsing for 30 seconds and air drying for 5 
seconds;
-application of the Singlebond Universal 
adhesive to the holes, cavity and pulp cham-
ber preparation, drying for 5 seconds, and 
photoactivation for 20 seconds on each 
surface;
-insertion of Bulkfill flow resin (3M ESPE, 
St. Paul, MN) into the pulp chamber up to 
the middle of the cavity below the site of the 
holes, and photoactivation for 40 seconds; 
all teeth, with or without posts were filled 
from the pulp chamber to the middle of the 
area prepared using the Bulkfill flow resin, 
applied to a thickness of about 4 mm;
-insertion of Bulkfill flow resin into the 
holes, placement of the fiber posts horizon-
tally in the holes, removal of excess resin 
with a microbrush, and photoactivation for 
40 seconds;
-application of Z250 resin (3M ESPE, St. Paul, 
MN) to the MOD cavity in four increments 
of 2 mm each, and photoactivation for 40 
seconds for each incremental application.
After restorations, the specimens were 
placed back in distilled water and stored for 
48 h at 37° C.

Mechanical compression test
Specimens were thermocycled between 5° 
C and 55° C for 500 cycles. Fracture strength 

was determined using an EMIC DL 2000 
universal testing machine (São José dos 
Pinhais, Brazil) with a 10 kN load cell at a 
crosshead speed of 0.5 mm/min. A 6.0-mm 
metal sphere was used for contact only with 
the inclined planes of the intercuspal sur-
face of the occlusal surface of the specimen, 
without any contact with the restorative 
material. Compressive stress was applied 
parallel to the long axis of the tooth until 
fracture. The maximum fracture strength 
(rupture) was recorded in Newton for each 
specimen

Analysis of type of tooth fracture
A magnifying glass (4X magnification) was 
used to examine specimens visually for 
fractures, which were classified either as a 
pulp chamber floor fracture associated or not 
with the cusp, or as a cusp fracture only. 
Floor fractures separated the tooth into two 
parts at the pulp chamber floor, in a buccolin-
gual or mesiodistal direction. Cusp fractures 
involved one or more cusps totally or partial-
ly, with or without displacement.

Statistical analysis
The Shapiro-Wilk test was used to evaluate 
normality of the results, and data were an-
alyzed using one-way ANOVA and the 
Tukey test (α=5%). The GraphPad Prism 7 
software (GraphPad Software Inc., San Di-
ego, CA) was used for all statistical analyses.

Results

Table 2 shows that teeth restored with fiber-
glass post and composite resin (CMP and 
CAP) presented statistically higher fracture 
load than teeth filled with composite resin 
only (CR). However, there is no difference in 
fracture load between groups CMP and CAP 
regardless of fiberglass post localization. The 
presence of fiberglass post in the middle of 
the crown (CMP) promoted lower pulp floor 
fracture percentage than CAP and CR groups.  
 
Discussion

Fractures of endodontically treated teeth 
are common in clinical practice, and nu-
merous studies have reported a high inci-
dence of fractures of maxillary premolars 
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(10-12). Ibrahim et al (13), Taha et al (14), and 
Aslan et al (4) also used premolars in their 
experimental studies.
The use of intraradicular posts in these 
types of cases has not shown additional 
benefits (15), since the retainers vertically 
cemented inside the root canal have as main 
purpose to promote the retention of the 
restorative material and not to increase the 
resistance to dental structure (16). This can 
be seen in the study by Aslan et al (4) in 
which the use of the fiberglass post transfi-
xed to the dental crown of a premolar with 
MOD preparation showed better results of 
resistance to dental fracture than cases in 
which the post was placed inside the root 
canal. According to Saatian et al (17), all 
types of intraradicular posts produce some 
degree of tension within the root dentin, 
causing some stress force to be transmitted 
vertically along the root (18), which can 
cause deeper levels of fractures and complex 
(4). In addition, when preparing the canal 
to receive the retainer, more root dentin is 
usually removed; thus, resistance to occlu-
sal forces is decreased and the possibility 
of fracture increases (19).
This study simulated an unfavorable clini-
cal scenario, in which the cusps lose tissue 
support and tend to undergo greater deflec-
tion, and used class II MOD preparations 
for restorations, as in the studies by Salameh 
et al (20), Soares et al (21), and Taha et al (14). 
Lopes et al (22) showed that MOD prepara-
tions in premolars reduce cusp stiffness to 
a third of that of a healthy tooth, which 
makes them more susceptible to fracture.
Horizontally placed posts associated with 
the material used for restorations in end-

odontically treated teeth, regardless of 
placement position, had greater fracture 
resistance than teeth restored without posts. 
These findings are in agreement with the 
studies by Karzoun et al (3), Aslan et al (4), 
and Dhingra et al (5), who also worked with 
horizontal post placement in premolars with 
MOD cavities.
The horizontal placement of posts in the 
center of the middle third of the crown is 
associated with a greater chance of fractures 
at the cusp level, without involvement of 
the pulp floor. These fractures have a better 
prognosis and result in better tooth surviv-
al and restoration. In specimens that re-
ceived other treatments in this study, in-
cluding horizontal post placement 2 mm 
below the center of the middle third of the 
crown, most fractures occurred catastroph-
ically at or below the floor of the pulp 
chamber. All fractures were above the 
horizontal post, which is in agreement with 
the study conducted by Kao (23), who found 
that less catastrophic tooth fractures are 
largely associated with post placement 
position, that is, posts placed closer to the 
occlusal surface have better outcomes.
The cervical constriction of premolars may 
play an important role in the extension of 
tooth fractures to the most cervical region, 
at or below the floor of the pulp chamber. 
Restorations should be carefully planned to 
predict the site of a possible future fracture. 
Dentists may, thus, induce and direct the 
fracture to a position that, should it happen, 
ensures good conditions for a better resto-
ration.
Almost all fractures in this study were in 
the palatal area of the teeth, in agreement 

Table 2 
Fracture strength, Newtons (N), coefficient of variation (CV), strength recovery in relation to group S,  

and pulp and cusp floor fracture in different experimental groups

Groups Mean ± SD (N) CV Strength recovery Pulp floor fracture Cusp fracture

S 2451A ± 552.9 23% -------- 12.5% (1) 87.5%(7)

C 32.63B ± 4.89 15% -98.6% 100% (8) ----

CR 398.7C ± 73.8 18% -83.7% 87.5% (7) 12.5% (1)

CMP 1253D ± 82.15 7% -48.8% 62.5% (5) 37.5% (3)

CAP 1156D ± 88.23 8% -52.8% 87.5% (7) 12.5% (1)

Means followed by different uppercase letters differ significantly in one-way ANOVA and Tukey’s test (p<0.05).
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with findings by Mangold and Kern (7). 
According to Panahandeh et al (24), the 
stress area on the palatal cusp is greater 
than on the buccal cusp.

Conclusions

The use of fiber posts for restorations, re-
gardless of their position, increases fracture 
resistance of endodontically treated teeth. 
However, their placement position seems 
to affect fracture location.

Clinical Relevance

Restorative treatments using posts placed 
horizontally across the dental crown seem to 
be an excellent method to increase the resis-
tance to fracture. However, their placement 
position seems to affect fracture location.
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ABSTRACT

Aim: The objective of this study was to evaluate the amount of apically extruded 
debris and irrigants produced by TruNatomy and ProTaper Gold in mandibular incisor 
root canals.
Methodology: Forty mandibular incisors were instrumented using TruNatomy (Dentsply 
Sirona, Maillefer, Ballaigues, Switzerland) and ProTaper Gold (Dentsply Sirona, 
Maillefer, Ballaigues, Switzerland) rotary systems. Apically extruded debris and 
irrigants during instrumentation were collected into preweighed Eppendorf tubes 
and were assessed with an electronic scale.  All the procedures were performed in 
a 35 °C hot water bath. The data were analyzed using the Shapiro-Wilk test and 
Mann-Whitney U test at a 5% significance level. 
Results: Both NiTi file systems investigated extruded debris from the apical foramen. 
According to the data, the TruNatomy group extruded significantly less debris and 
irrigant from the apical foramen than the ProTaper Gold group (p<0.05).
Conclusions: All the instruments caused apical extrusion. The TruNatomy instruments 
extruded less debris and irrigants apically than the ProTaper Gold instruments.
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Apically extruded debris and irrigants during root 
canal instrumentation with TruNatomy  
and ProTaper Gold rotary file systems
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Introduction

F
or long-term success in root canal 
treatment, canal cleaning and 
shaping are critical. During these 
procedures, it is essential to pay 
great attention; otherwise, com-

plications - such as extrusion of dentin 
chips, pulpal residue, microorganisms, and 
irrigants into the periradicular tissue - may 
occur (1). Apical extrusion of debris and 
irrigants (AEDI) may cause postoperative 
pain, exacerbation and delayed periapical 
healing, creating an undesirable situation 
(2, 3). Studies show that all instrumentation 
techniques and instruments cause apical 
extrusion (4, 5).
The amount of extruded debris through the 
apex is related to the design (size and type) 
of the endodontic instruments used (6). 
Technological advances in rotary nickel-ti-
tanium (NiTi) instruments have led compa-
nies to develop new instruments with new 
design concepts. Recently, a novel heat-treat-
ed NiTi rotary system, TruNatomy (Dentsp-
ly Sirona, Maillefer, Ballaigues, Switzer-
land), has been developed with higher 
flexibility, allowing the file to be pre-curved 
when needed. According to the manufac-
turer, this system has an off-centered par-
allelogram cross-section design that is 0.8 
mm of NiTi wire instead of the up to 1.2 mm 
found in most other variable tapered instru-
ments (Dentsply Sirona, TruNatomy Broc-
hure. Available at: https://www.dentsply-
sirona.com/en/explore/endodontics/
trunatomy.html. Accessed February 5, 2021).
Van der Vyver et al. reported that TruNat-
omy instruments maintain their struc-
tural integrity via instrument geometry, 
regressive tapers, slim design and a 
heat-treated NiTi alloy (7). ProTaper Gold 
(Dentsply Sirona, Maillefer, Ballaigues, 
Switzerland) is made of “Gold-Wire” and 
has some characteristics similar to those 
of controlled memory wire (CM-wire) (8). 
This rotary system has a unique instru-
ment design with a triangular cross-sec-
tion and a variable progressive taper (9).
To our knowledge, only one study has com-
pared the apical extrusion effects of TruNat-
omy with ProTaper Gold and ProTaper Next 
rotary file systems (10).

The purpose of this investigation was to 
compare the AEDI associated with the use 
of TruNatomy and ProTaper Gold rotary file 
systems in mandibular incisor teeth with 
different methodology. The null hypothesis 
tested was that there would be no difference 
between TruNatomy and ProTaper Gold 
systems in terms of the amount of extruded 
debris and irrigants through the apex.

Materials and Methods

The Ethics Board approved the study pro-
tocol of Afyonkarahisar Health Sciences 
University (No: 2011-KAEK-2/2020/10). 
Based on the results of Tanalp et al. (11), a 
power calculation was performed using 
G*Power 3.1 software (Heinrich Heine Uni-
versity, Dusseldorf, Germany) with an al-
pha-type error of 0.05 and beta power of 0.80. 
The software indicated that the total sample 
size for the two groups must be a minimum 
of 40 teeth. 
A total of 40 mandibular incisor teeth that 
had been extracted for periodontal reasons 
were included in the study. The inclusion 
criteria were as follows: mature apices with 
a single apical foramen without resorption/
calcification or previous root canal treat-
ment and roots with less than a 5° curvature 
(12). To increase the standardization, teeth 
that were abraded under water cooling to 
standardize their lengths to 20 mm, con-
firmed with a millimeter ruler, were includ-
ed in the study.  Soft and hard tissue debris 
on the external surfaces of all the teeth were 
mechanically removed.
The coronal access cavity was prepared 
using diamond burs. A #15 K-file (VDW 
GmbH, Munich, Germany) was advanced 
within the canal until the tip was seen 
through the major apical foramen, and the 
working length was determined by subtract-
ing 1 mm from this length. The size of the 
apical foramen of the teeth was not greater 
than 0.15 mm. 
The selected teeth were randomly divided 
into two groups (n=20) and numbered. The 
root surfaces of all teeth, except 1 mm of the 
apical part, were covered with a Teflon band. 
The weight of the samples was measured 
three times with an electronic scale of 10-4 
g (Denver Instrument, New York, ABD), and 

https://www.dentsplysirona.com/en/explore/endodontics/trunatomy.html
https://www.dentsplysirona.com/en/explore/endodontics/trunatomy.html
https://www.dentsplysirona.com/en/explore/endodontics/trunatomy.html
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the mean value was calculated. Agar gel (3 
mL, 1.5%) was injected into Eppendorf 
tubes, and the samples were then fixed in 
the tubes at the cementoenamel junction 
using cyanoacrylate adhesive (UHU Patafix; 
UHU GmbH & Co. KG, Baden, Germany) to 
prevent leakage of irrigating solution 
through the hole. After gelation of the agar, 
the weights of the tubes, including the agar 
solution, were measured three times again. 
The weight of each apparatus (tooth-free 
apparatus) was calculated by subtracting 
the first weight measurement of the samples 
from the second weight measurement value 
(14, 15). The Eppendorf tubes were posi-
tioned in a glass bottle filled with water. 
The equipment was placed in a 35 °C hot 
water bath (JSR Research Inc., Republic of 
Korea) (16).
Each instrument was used on four speci-
mens, simulating a molar with four canals. 
All instruments were operated using an 
endodontic motor (VDW Gold, VDW, Mu-
nich, Germany). The root canal preparation 
was completed when the final instrument 
of each system had reached the working 
length. The canals were irrigated with 5 mL 
2.5% NaOCl solution with a 30-G IrriFlex 
needle (Produits Dentaires SA, Switzerland). 
To standardize the irrigation protocol, the 
needle was attached to a device (Mindray 
BeneFusion SP1, Shenzhen, China) and 
inserted into the canal within 2 mm of the 
working length without binding and moved 
in an up-and-down motion. In all the 
groups, the flow rate of the irrigating solu-
tion was constant and equal to 2.5 ml/min. 
After completing the preparation, final ir-
rigation was applied using 5 mL of 17% 
EDTA followed by 5 mL of 2.5% NaOCl.
All endodontic procedures were completed 
by a single operator. 
Group 1 (n=20): the root canals were pre-
pared using TruNatomy Glider (17.02), Small 
(20.04), Prime (26.04) and Medium (36.03) 
files at 500 rpm and 1.5 Ncm torque values.
Group 2 (n=20): the root canals were pre-
pared using ProTaper Gold S1 (17.02), S2 
(20.04), F1 (20.07), F2 (25.08) and F3 (30.09) 
files at 300 rpm and 2.0 Ncm torque values.
When the root canal preparation was com-
pleted, the Eppendorf tubes were removed 
from the glass bottles, and the teeth were 

removed from the tubes. After removal of 
the Teflon bands and the teeth from the 
Eppendorf tubes, each apparatus was 
weighed three times consecutively. The 
amount of extruded debris was calculated 
by subtracting the weight value of the tooth-
free apparatus from the post-preparation 
weight value. The mean weight of each tube 
containing debris and irrigant was record-
ed. A second independent operator per-
formed all the measurements of the AEDI.

Statistical Analysis
The median, minimum and maximum 
values were calculated for the two groups. 
To test for normality, the amount of extrud-
ed debris and irrigants were subjected 
Shapiro-Wilk test and were found to have 
a non‐normal distribution. The data were 
analyzed via Mann-Whitney U test using 
SPSS 21.0 Software (IBM Corp, Armonk, 
NY). The alpha-type error was set at 0.05.

Results

The descriptive statistics in each group are 
listed in Table 1. All the groups extruded 
debris from the apical foramen. According 
to the data, the TruNatomy group extruded 
significantly less debris and irrigants from 
the apical foramen than the ProTaper Gold 
group (p<0.05).

Discussion  

During cleaning and shaping of the root 
canals, microorganisms may pass to the 
periradicular tissues through the apical 
foramen, causing postoperative flare-up (16). 
This complication increases the need for 
the development of new root canal file de-
signs that minimize debris extrusion. The 
instrument design, differences in instru-
ment tapers and root canal anatomy are 
closely related to apical debris extrusion (1).
This study assessed the weight of AEDI 
produced by TruNatomy and ProTaper Gold 
systems during root canal preparation. 
In previous studies, distilled water was used 
during instrumentation to avoid crystalli-
zation of sodium hypochlorite, which could 
otherwise interfere with the weighing of the 
debris (5). However, sodium hypochlorite is 
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commonly used as an irrigation solution in 
root canal preparation. We used the same 
test apparatus to evaluate the amount of 
AEDI as that used by Uslu et al. (15). In this 
system, a 1.5% agar gel was used to simulate 
periapical tissue, and the weights of the tubes, 
including the agar solution, were measured; 
it was not necessary to vaporize the irrigant. 
Therefore, all samples were irrigated with 
2.5% NaOCl and 17% EDTA solutions.
In all shaping procedures, many factors - such 
as the shape of the apical area, the instru-
mentation technique, the length of the irri-
gation needle, the penetration of the tip of 
the needle into the apical and the speed of 
the irrigant administration - can cause debris 
and irrigants extrusion (17, 18). To lower the 
irrigant extrusion achieved with regular 
needles (6), side-vented needles were used, 
and to standardize the irrigation protocol, 
the irrigant flow rate was provided with a 
device. Moreover, similar to other studies, in 
this study, a 30-G IrriFlex irrigation needle 
integrated into the syringe pump was set at 
a speed of 2.5 ml/min (19, 20).
Our study presents one variable data: the 
design (size and type) of the NiTi rotary 
endodontic instruments. The newly devel-
oped TruNatomy instruments are manufac-
tured from a heat-treated NiTi alloy that 
exhibits higher fatigue resistance (21, 22). It 
has been reported that the TRN instruments 
preserve the structural dentine and tooth 
integrity due to instrument geometry, re-
gressive tapers and the slim design, along 
with the heat treatment of the NiTi alloy (7). 
To the best of our knowledge, there has been 
only one study that compared TruNatomy 
and ProTaper Gold systems in terms of 
AEDI (10). Çırakoğlu et al. (10) compared the 
amount of extruded debris through the apex 

using ProTaper Next, ProTaper Gold, and 
TruNatomy systems. The ProTaper Gold 
system extruded more debris than the 
TruNatomy system with no significant 
difference. This result differs from those of 
the current study. The experimental set-up, 
design and type of teeth used might have 
led to different results.
The results of the present study show that 
the TruNatomy group extruded significant-
ly less debris and irrigants from the apical 
foramen than the ProTaper Gold group. The 
null hypothesis was rejected because of 
AEDI with different amounts between the 
tested two instrumentation systems. Sever-
al studies reported that the larger tapers at 
the tips of instruments, resulting in more 
aggressive preparation of the root canals, 
might explain the increased amount of 
extruded debris through the apex (20, 23, 
24). The design features of the ProTaper Gold 
system include progressive and regressive 
percentage tapers on a single file, but the 
TruNatomy System has variable regressive 
tapers on a single file. However, the TruNat-
omy Medium instrument has a 0.03 taper 
at the apical D0 point, whereas the ProTaper 
Gold F3 instrument has a 0.09 taper at the 
apical D0 point. The larger taper at the tip 
of the ProTaper Gold instrument might ex-
plain the increased amount of AEDI with 
this system. Moreover, the cross-sectional 
geometric design of the TruNatomy system 
is different from that of the ProTaper Gold 
system. TruNatomy instruments have an 
off-centered parallelogram cross- section 
design that incorporates a 0.8-mm NiTi wire 
instead of the up to 1.2 mm found in most 
other variable tapered instruments. All three 
shaping files offer a slim shape combined 
with a unique cross-section for better per-
formance while providing more space for 
superior debris debridement (Dentsply Si-
rona, TruNatomy Brochure. Available at: 
https://www.dentsplysirona.com/en/explo-
re/endodontics/trunatomy.html. Accessed 
February 5, 2021).
The elements of the file design, such as flute 
depth and cross-section, flexibility, alloy, 
are related to the amount of extruded debris 
through the apex (25). Koçak et al. (26) re-
ported that the off-centered cross-sectional 
design might provide more space for debris 

Table 1 
The median, minimum and maximum values of AEDI according  

to groups in grams

Group (n=20)  Median (Min-Max)  U  p 

TruNatomy  0.0104 (0.0019-0.0416) 
108.5  0.013* 

ProTaper Gold  0.0218 (0.0061-0.1774) 

*Mann-Whitney U test

https://www.dentsplysirona.com/en/explore/endodontics/trunatomy.html
https://www.dentsplysirona.com/en/explore/endodontics/trunatomy.html
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extrusion through the coronal direction. 
According to the authors of this article, 
TruNatomy’s slim design with an off-centered 
parallelogram cross-section might be led to 
the debris removal coronally, which reduces 
apical compaction of debris within the root 
canal. This result is according to a previous 
study that also displayed lower debris extru-
sion associated with the TruNatomy system 
compared Reciproc Blue, HyFlex, HyFlex 
EDM, and ProTaper Next systems. In the 
present study, agar gel was used to simulate 
the periapical tissues because it has a similar 
density to periapical tissues (14). The pres-
ence of periapical tissues and changes in this 
tissue (e.g., lesions, periapical granulomas, 
or cysts) could affect the amount of AEDI 
under clinical conditions (28). In the use of 
real teeth, dentin microhardness also affects 
the amount of apically extruded debris (5). 
Moreover, because the mean temperature in 
the root canal is 35 °C (29), the experiment 
system was placed into a 35 °C hot water bath 
to mimic clinical conditions.

Conclusions

The design features and sizes of rotary 
systems have influenced the amount of 
AEDI during root canal preparation. With-
in the limitations of this study, the results 
show that although both tested systems 
extruded debris, TruNatomy instruments 
produced less AEDI than ProTaper Gold 
instruments.

Compliance with ethical standards

Ethical approval for the manipulation of 
human samples was obtained from the 
ethical committee of the University of 
Afyonkarahisar Health Sciences (No: 
2011-KAEK-2/2020/10).

Clinical Relevance

Both NiTi file systems that TruNatomy and 
ProTaper Gold caused apical extrusion of 
debris and irrigants during canal shaping. 
The design of the NiTi rotary endodontic 
instruments are considered to be effective 
in the amount of apically extruded debris 
and irrigants.
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ABSTRACT

Aim: This cross-sectional study aimed to assess the proximity of root apexes to the 
maxillary sinus and to verify the correlation between sinus mucosal thickening with 
the distance from the root apex to the sinus floor, endodontic treatment, age, tooth, 
sex, and presence of periapical lesion.
Methodology: 169 cone-beam computed tomography images were selected, and 
696 teeth were assessed, 600 without endodontic treatment, and 96 endodontical-
ly treated. The images were initially classified according to the study conducted by 
Kwak et al. (2004) to assess the proximity of the tooth roots to the maxillary sinus, 
and multiple logistic regression was subsequently applied to identify probable factors 
influencing the thickening of the sinus mucosa. 
Results: The vertical relationships between tooth roots and the sinus floor among 
the second premolars indicated a predominance of classification I (57.7%); whereas, 
in the first and second molars there was a predominance of types II (48.4%) and III 
(34.2%), respectively. The logistic regression did not indicate significant relationships 
between sinus mucosal thickening and the distance from the root apexes to the 
sinus floor, presence of endodontic treatment, and type of tooth (p>0.05). Age, 
presence of periapical lesions, and sex were associated with the presence of sinus 
thickening (p<0.05; odds ratio=1.03, 2.99, and 5.11, respectively).
Conclusions: The presence of thickening in maxillary sinuses was correlated with 
the following factors: age, sex, and presence of periapical lesions. 

ORIGINAL ARTICLE

Anatomical proximity of maxillary teeth  
and local factors associated with  
the thickness of the maxillary sinus mucosa:  
a retrospective study
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Introduction

The desired outcome for any 
endodontic treatment involves 
preventing or eradicating pulp 
and periradicular infections and 
complete sealing of the root ca-

nal system, providing comfort and a better 
quality of life for patients subject to this type 
of therapy (1). Currently, it is possible to 
observe with greater clarity the proximity 
of the root apexes of posterior upper teeth to 
the maxillary sinus. Cone-beam computed 
tomography (CBCT) is currently considered 
one of the most accurate image resources in 
the visualization of structures - such as the 
maxillary sinus - and possible changes in 
the sinus mucosa. Also, CBCT avoids incon-
veniences during the analyses, such as 
overlapping images, distortions, or vertical 
and horizontal enlargements (7, 10), becom-
ing valuable and effective for determining 
the clinical relationship between the max-
illary sinus floor and the root apexes of 
posterior upper teeth (11-13), increasing the 
number of cases diagnosed due to image 
accuracy (10).
Changes in the maxillary sinus mucosa 
generated by odontogenic infections are the 
result of the anatomical relationship between 
teeth and sinus. The roots of the posterior 
upper teeth are usually in close opposition 
to the maxillary sinus, with their apexes 
being projected towards the floor of this 
structure. This fact causes elevations or 
prominences in the thin layer of bone that 
separates them, which is considered a fusion 
of the lamina dura and the floor of the max-
illary sinus (2). It is known that the upper 
first and second molars are usually pointed 
out as the teeth with greater proximity to the 
maxillary sinus (3-5). In addition, these two 
types of teeth have a higher prevalence of 
periapical lesions, when compared with the 
other teeth of the oral cavity (even when 
already endodontically treated), due to the 
high probability of having an extra canal (6). 
These lesions generate the risk of dissipating 
bacterial infections, thus damaging the 
maxillary sinus floor due to the extent of 
periradicular lesions when present (7).
Odontogenic sinusitis is characterized by 
chronic inflammation of the paranasal si-

nuses. It occurs when the Schneiderian 
membrane is irritated or perforated, as a result 
of dental infections, maxillary trauma, a 
foreign body within the maxillary sinus, 
supernumerary teeth, or periapical granuloma 
(8). The deposition of foreign substances - in-
cluding those used in endodontics - when 
inside the maxillary sinus, can also give rise 
to various pathophysiological responses, and 
induce chronic inflammation. These foreign 
bodies can promote sinus pain and pressure, 
acute and chronic sinusitis resulting from 
irritation and thickening of the mucous mem-
branes of the sinus, pain during chewing, and 
tenderness on palpation (9). Based on the 
above, the goals of this retrospective study 
were to assess the proximity of root apexes to 
the maxillary sinus and to verify the correla-
tion between sinus membrane thickening 
with the distance from the root apex to the 
sinus floor, endodontic treatment, age, tooth, 
sex, and presence of periapical lesion.

Materials and Methods

After approval by the local Research Ethics 
Committee (approval number 773.236), 169 
CBCT images obtained from a private clinic 
of oral and maxillofacial radiology were 
assessed. Each tomographic image was an-
alyzed in parasagittal sections of the upper 
premolar and molar regions, both on the left 
and right sides.
To compose the sample for the study, the 
images were selected based on the following 
inclusion criteria: images of patients who had 
at least 20 years of age; and that provided a 
complete view of the maxillary sinus and the 
roots of the posterior upper teeth. Since this 
study was done using CBCT images and there 
was no way to confirm periodontal diseases 
based only on the images, teeth with peri-
odontal diseases were not excluded.
The sample calculation was performed using 
the GPower 3.1.9.4 software (Hein-
rich-Heine-Universität Düsseldorf , Germany) 
(14) and the incidence of root protrusion 
within the maxillary sinus of upper second 
premolars and upper first and second molars, 
with the maxillary sinus as the primary 
outcome. Based on the study conducted by 
Jang et al (15) a power of 0.80 and an α level 
of 0.05 were used to detect a difference in 
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proportions of 0.0714 between groups. To 
that end, 660 teeth were needed. In the 
present study, 696 teeth were scanned, 600 
had had no endodontic treatments, and 96 
had been endodontically treated.
In the first analysis, we classified the imag-

es according to the tooth roots’ proximity to 
the maxillary sinuses. Thus, patients’ molars 
and premolars of the right and left hemi-fac-
es were classified according to the study 
conducted by Kwak et al. (16). The molars 
were classified as: type I=maxillary sinus 

Figure 1
CBCT images exemplifying 

the different anatomic 
relationship between 

maxillary sinuses and 
molars.

A) Type I=maxillary sinus 
floor located above the 
buccal and palatal root 

apexes; B) Type II=maxillary 
sinus floor in contact with 

buccal and palatal root 
apexes; C) Type III=apical 

projection of one or two 
buccal roots into the sinus 

floor; D) Type IV=apical 
projection of palatal roots 

into the sinus floor; E) Type 
V=apical projection of the 

buccal and palatal roots into 
the sinus floor.

Table 1 
Vertical relationships between the sinus floor and the roots of the upper teeth

Second premolars First molars Second molars

112 (57.7)
63 (28) 92 (33.2)

71 (36.5)
109 (48.4) 73 (26.3)

11 (5.6)
28 (12.4) 95 (34.2)

-
19 (8.4) 9 (3.2)

-
6 (2.6) 8 (2.8)

Total 194 (100%) 225 (100%) 277 (100%)

A B C D E
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floor located above the buccal and palatal 
root apexes; type II=maxillary sinus floor in 
contact with buccal and palatal root apexes, 
but without projection of the roots into the 
floor of the sinus (laterally projected to the 
maxillary sinus); type III=apical projection 
of one or two buccal roots into the sinus floor; 
type IV=apical projection of palatal roots 
into the sinus floor, and type V=apical pro-
jection of the buccal and palatal roots into 
the sinus floor (Table 1, Figure 1).
For the second premolars, the classification 
was adapted as follows: type I=maxillary 
sinus floor located above the root apexes; 

type II=maxillary sinus floor 
in contact with the root apex-
es, but without apical projec-
tion into the sinus floor (roots 
laterally projected into the 
sinus); type III=apical projec-
tion of the root into the sinus 
floor (Table 1, Figure 2). For 
the evaluator’s calibration, an 
intra-observer reliability 
analysis was performed using 
Weighted Cohen’s Kappa co-
efficient of agreement until 

indexes above 0.9 were obtained.
A second analysis was performed using 
multiple logistic regression to determine the 
relationships between the thickening of the 
sinus mucosa and the distance from the root 
apex to the sinus floor, endodontic treatment, 
age, tooth, sex, and presence of periapical 
lesions. To that end, 96 teeth endodontically 
treated were assessed, and 52 untreated teeth 
from the initial sample of 600 teeth were 
selected at random. This way, the sample 
was composed of 139 molar roots endodon-
tically treated, and 117 without previous 
endodontic treatments. The presence of 

Figure 2
 CBCT images exemplifying 

the different anatomic 
relationship between 

maxillary sinuses and 
Second premolars. A) Type 

I=maxillary sinus floor 
located above the root 

apexes; B) Type II=maxillary 
sinus floor in contact with the 

root apexes; C) Type 
III=apical projection of the 

root into the sinus floor.

Table 2 
Vertical relationships between the sinus floor, presence/absence of thickening, treatment,  

and roots of the upper teeth

   Type I     Type II   Type III   Type IV Type V    Total

Second premolars (194)

    Treated (n) 24 16 4 - - 44

    Thickening (%) 13 (54.1) 4 (66.6) 1 (25) - - 18 (40.9)

    Untreated (n) 88 55 7 - - 150

    Thickening (%) 20 (22.7) 13 (23.6) 1 (14.2) - - 34 (22.6)

First molars (225)

    Treated (n) 14 6 3 2 2 27

    Thickening (%) 6 (42.8) 5 (83.3) 0 (0) 0 (0) 0 (0) 11 (40.7)

    Untreated (n) 49 103 25 17 4 198

    Thickening (%) 12 (24.4) 30 (29.1) 7 (28) 7 (41.17) 1 (25) 57 (28.78)

Second molars (277)

    Treated (n) 9 3 9 2 2 25

    Thickening (%) 3 (33.3) 3 (100) 1 (11.1) 1 (50) 1 (50) 9 (36)

    Untreated (n) 83 70 86 7 6 252

    Thickening (%) 25 (30.1) 17 (24.2) 20 (23.25) 5 (71.42) 0 (0) 67 (26.5)

A B C



48

Thickness of sinus mucosa

Giornale Italiano di Endodonzia (2021) 35

apical lesions was observed in 63 roots of 
teeth endodontically treated, and in one case 
of untreated teeth. In the premolar group, 
there were 43 roots with endodontic treat-
ment, and 12 without endodontic treatment, 
with apical lesions in 27 and in one case, 
respectively. No extrusion of filling material 
was observed involving the root apexes.
The analyses of the present study’s images 
were performed using the InVivoDental by 
Anatomage (Copyright 2005© Anatomage, 
USA, All Rights Reserved). The images were 
interpreted initially by doing a comprehen-
sive observation of the area and selecting the 
area of higher proximity of the tooth apex 
with the maxillary sinus. Then three 
parasagittal sections with 1-mm interval 
difference between them were assessed for 
the data obtaining. A standard sequence for 
analysis was established, starting with the 
second premolar, then the first molar, and, 
finally, the second molar of one quadrant, 
and thus successively to the other quadrant.

Results

The vertical relationships between the roots 
of the posterior upper teeth and the sinus floor 
exhibited a predominance of type I among 
the second premolars, whereas, in the first 
and second molars, there was a predominance 
of type II and III, respectively (Table 1). 
The logistic regression indicated that there 
were no significant relationships between 
the thickening of the sinus mucosa and the 
distance from the root apexes to the sinus 
floors (p=0.0901), presence of endodontic 
treatment (p=0.1257), and type of tooth (Pre-
molars p=0.9083; First Molars p=0.5827; 
Second Molars p=0.4984).
The prevalence of teeth treated with thick-
ening was 40.9% for second premolars, 
40.7% for first molars, and 36% for second 
molars. Among the untreated teeth, the 
prevalence was 22.6% for second premolars, 
28.7% for first molars, and 26.5% for second 
molars (Table 2). 

Table 3
Simple and multiple logistic regression of the association between the presence  

of maxillary sinus thickening and the explanatory variables

Explanatory variables Non-adjusted
odds ratio (95% CI)

p-value Adjusted odds
ratio (95% CI)

p-value

Age 1.0299 (1.00 to 1.06) 0.0222 1.0301 (1.00 to 1.06) 0.0442

Periapical Lesion

Present 3.0612 (1.48 to 6.35) 0.0026 2.9951 (1.29 to 6.97) 0.0109

Absent 1 1

Endodontic Treatment

Present 1.7783 (0.85 to 3.72) 0.1257

Absent 1

Teeth

Premolars 1.0417 (0.52 to 2.09) 0.9083

First molars 1.2231 (0.60 to 2.51) 0.5827

Second molars 0.7725 (0.37 to 1.63) 0.4984       

Anatomical classification 0.7361 (0.52 to 1.05) 0.0901

Sex

Male 3.4848 (1.72 to 7.07) 0.0005 5.1109 (2.29 to 11.41) <0.0001

Female 1 1



49

de Almeida Rodrigues P, Vilhena Pinheiro V, Mendonça de Moura JD*, Mesquita Tuji F

Giornale Italiano di Endodonzia (2021) 35

The variables age (p=0.0442), presence of 
periapical lesions (p=0.0109), and sex 
(p<0.0001) were associated with the presence 
of sinus thickening, with odds ratios of 1.03, 
2.99, and 5.11, respectively (Table 3).

Discussion

The proximity of the posterior upper teeth 
with the sinus floor was investigated in the 
present study indicating a possible pattern 
in which the more posterior the teeth are, 
the greater the probability of intimate con-
tact of the roots with the maxillary sinus. 
The variables correlated with maxillary 
sinus thickening were analyzed, too, high-
lighting a predilection for male patients. 
The CBCT was used to assess the proxim-
ity of the posterior teeth roots to the max-
illary sinus. This method provides dentists 
with more accurate information about the 
maxillary sinus than radiographic images, 
which exhibit low accuracy and tend to 
overestimate the roots’ protrusion into the 
sinus (17-19). Our study’s root classification 
was proposed by Kwak et al. (16) and cited 
in several studies (7, 20, 21). 
Pagin et al. (22) found that the prevalence 
of root protrusion within the maxillary 
sinuses was 2.8% for premolars, 11.9% for 
first molars, and 23.2% for second molars, 
corroborating the findings of the present 
study, i.e., in second premolars, protrusion 
(type III) was observed in 5.6% of cases, for 
first molars in 12.4% (type III), and second 
molars in 34.2% (type III) of cases. Like-
wise, Kang et al. (23) demonstrated that the 
presence of protrusion of the roots into the 
sinuses was greater when they went to-
wards the posterior region (first premo-
lars=1.5%; second premolars=14.48%; first 
molars=40.5%; and second molars=44.77%).
In the present study, most second premolars 
(57.7%) were classified as type I, most first 
molars (48.4%) as type II, and most second 
molars (34.2%) as type III. These results are 
in line with those found in other studies 
(21) that observed prevalence of type I in 
second premolars (52.9%) and type II in 
first and second molars (54.6 and 61.7%, 
respectively). These results show the prox-
imity of the root apexes to the maxillary 
sinus. Because of that, the endodontist 

needs to avoid over instrumentation of root 
canals, extrusion of filling material and 
debris (24), which can lead to consequent 
communication with the maxillary sinus, 
and sinus mucosa inflammation, which 
can also occur in cases of inadvertent in-
jection or extrusion of irrigants (25).
As for the presence of sinus thickening, 
we found a prevalence of 27.8%, which is 
a low percentage compared to those of 
other studies (26, 27). This fact can be 
explained by the difference in ethnicity 
and the methods used. Gürhan et al. (28) 
have shown that mucosal thickening is 
associated with periapical lesions in al-
most 50% of all mucosal thickening cases. 
This factor demonstrates the importance 
of collaboration among endodontists and 
otolaryngologists to provide successful 
treatment and prevent maxillary sinusitis’s 
recurrence.
Nascimento et al. correlated the maxillary 
sinus’s thickening with inadequate end-
odontic treatment, resulting in the vari-
able’s lack of significance (27). In our study, 
the presence of endodontic treatment was 
assessed in a general and independent way, 
regardless of being appropriate or inappro-
priate. The variable was also non-signifi-
cant, which can be explained by the fact 
that although the quality of the treatment 
was not assessed, in this study, the major-
ity of root canal treatment (55.20%) did not 
present the presence of periapical lesions 
associated with them (confirmed by Chi-
Square test), demonstrating signs of suc-
cessful treatments.
The distance from the apex of the sinus 
and the tooth type did not influence the 
sinus’s thickening. Teeth with periapical 
lesions were more likely to exhibit thick-
ening of the maxillary sinus, in line with 
other studies’ results (2, 7, 29, 30). These 
factors demonstrate that the presence of 
thickening is not related to the proximity 
of the sinus or the type of tooth but the 
presence of infection. 
These findings demonstrate the endodon-
tist’s need for attention in the treatment 
and follow up of upper posterior teeth 
since if they develop or have periapical 
lesions, they can be a risk factor to the 
development of maxillary thickening (31, 
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32). Age was also a factor correlated with 
thickening, showing that the older the 
patients are, the greater the chance of 
thickening, corroborating with previous 
studies (33, 34). 
This factor can be explained by the liter-
ature, which shows that older patients 
are more susceptible to dental problems, 
such as cavities, periodontitis, and miss-
ing teeth (11), increasing the maxillary 
thickening probability.
Male patients were more likely to exhib-
it thickening of the maxillary sinus when 
compared to female patients, a fact also 
observed by later studies (27, 35, 36). 
Although the study did not collect habits 
data and is not the study’s objective, based 
on previous studies, smoking rates among 
men vary between can 43.3% to 65.3% 
against 9.3% to 15.5% between women 
(37) since there is a positive association 
between sinusitis and cigarette smoking 
(38, 39) and this study have not excluded 
smokers patients, the authors of this study 
believe it can be an explanation to the 
results found in this research. Another 
possible explanation is that men have 
more dental disease that irritates the 
maxillary sinus membrane (28). 

Conclusions 

It is important to emphasize that only one 
observer analyzed the slices by only one 
reading which can be a limitation of our 
study. The second molars, followed by 
the first molars and then the second pre-
molars, are the teeth that have shown the 
higher proximity with the maxillary sinus. 
A correlation between age, sex, and pres-
ence of periradicular lesions with thicken-
ing of the sinus mucosa was found.
 
Clinical Relevance

Identifying the proximity of the root apex-
es of posterior maxillary teeth to the max-
illary sinus is clinically important before 
endodontic treatments. Recognizing the 
factors that can increase the chance of 
thickening of the maxillary sinus mucosa 
can potentially lead to more successful 
treatments.

Conflict of Interest 

None.
 
Acknowledgments

Funding: J.D.M.M received a scholarship 
from Amazon Foundation for Studies and 
Research Support (FAPESPA), Belém, State 
of Pará, Brazil. The translation of this arti-
cle was performed with the support pro-
vided by the Dean of Research and Gradu-
ate Programs, Federal University of Pará 
(PROPESP/UFPA), State of Pará, Brazil.

References
1 Neelakantan Prasanna, Liu Pei, Dummer Paul M.H., 

McGrath Colman. Oral health–related quality of life 
(OHRQoL) before and after endodontic treatment: a 
systematic review. Clin Oral Investig 2020;24:25-36. 

2 Peñarrocha-Oltra Sonia, Soto-Peñaloza David, Bagán-
Debón Leticia, Bagán-Sebastián José V., Peñarrocha-Ol-
tra David. Association between maxillary sinus pathol-
ogy and odontogenic lesions in patients evaluated by 
cone beam computed tomography. A systematic re-
view and meta-analysis. Med Oral Patol Oral y Cir 
Bucal. 2020;25: 34-48. 

3 Fry RameshRam, Patidar DineshChand, Goyal Samta, 
Malhotra Aayush.  Proximity of maxillary posterior 
teeth roots to maxillary sinus and adjacent structures 
using Denta scan®. Indian J Dent. 2016;7:126.

4 Tian Xiao Mei, Qian Liang, Xin Xian Zhen, Wei Bin, 
Gong Yao. An analysis of the proximity of maxillary 
posterior teeth to the maxillary sinus using cone-beam 
computed tomography. J Endod. 2016;42:371-7.

5 Wolf Marius Karl, Rostetter Claudio, Stadlinger Bernd, 
Locher Michael, Damerau Georg. Preoperative 3D imag-
ing in maxillary sinus: Brief review of the literature and 
case report. Quintessence Int (Berl). 2015;46:627-31.

6 Costa F. F.N.P., Pacheco-Yanes J., Siqueira J. F., et al. 
Association between missed canals and apical peri-
odontitis. Int Endod J. 2019;52:400-6. 

7 Sakir Merve, Ercalik Yalcinkaya Sebnem. Associations 
between Periapical Health of Maxillary Molars and 
Mucosal Thickening of Maxillary Sinuses in Cone-beam 
Computed Tomographic Images: A Retrospective 
Study. J Endod. 2020;46:397-403. 

8 Workman Alan D., Granquist Eric J., Adappa Nithin D. 
Odontogenic sinusitis: Developments in diagnosis, 
microbiology, and treatment. Curr Opin Otolaryngol 
Head Neck Surg. 2018;26:27-33. 

9 Lechien Jerome R., Filleul Olivier, Costa de Araujo 
Pedro, Hsieh Julien W., Chantrain Gilbert, Saussez 
Sven. Chronic Maxillary Rhinosinusitis of Dental Origin: 
A Systematic Review of 674 Patient Cases. Int J Oto-
laryngol. 2014.

10 Vestin Fredriksson Malin, Öhman Anders, Flygare 
Lennart, Tano Krister. When Maxillary Sinusitis Does 
Not Heal: Findings on CBCT Scans of the Sinuses 
With a Particular Focus on the Occurrence of Odon-
togenic Causes of Maxillary Sinusitis. Laryngoscope 
Investig Otolaryngol. 2017;2:442-6.



51

de Almeida Rodrigues P, Vilhena Pinheiro V, Mendonça de Moura JD*, Mesquita Tuji F

Giornale Italiano di Endodonzia (2021) 35

11 Aksoy Umut, Orhan Kaan. Association between odon-
togenic conditions and maxillary sinus mucosal thick-
ening: a retrospective CBCT study. Clin Oral Investig. 
2019;23:123-31. 

12 Wuokko-Landén Annina, Blomgren Karin, Välimaa 
Hannamari. Acute rhinosinusitis–are we forgetting 
the possibility of a dental origin? A retrospective study 
of 385 patients. Acta Otolaryngol. 2019;139:783-7.

13 Gu Yechen, Sun Chao, Wu Daming, Zhu Qingping, 
Leng Diya, Zhou Yang. Evaluation of the relationship 
between maxillary posterior teeth and the maxillary 
sinus floor using cone-beam computed tomography. 
BMC Oral Health. 2018;18:1-7. 

14 Faul Franz, Erdfelder Edgar, Lang Albert Georg, Buch-
ner Axel. G*Power 3: A flexible statistical power anal-
ysis program for the social, behavioral, and biomed-
ical sciences. Behav. Res. Methods. 2007;39:175-91.

15 Jang J. K., Kwak S. W., Ha J. H., Kim H. C. Anatomical 
relationship of maxillary posterior teeth with the 
sinus floor and buccal cortex. J Oral Rehabil. 
2017;44:617-625.

16 Kwak H. H., Park H. D., Yoon H. R., Kang M. K., Koh K. 
S., Kim Hee Jin. Topographic anatomy of the inferior 
wall of the maxillary sinus in Koreans. Int J Oral Max-
illofac Surg. 2004;33:382-8. 

17 Sun Wentian, Xia Kai, Tang Li, Liu Chenlu, Zou Ling, 
Liu Jun. Accuracy of panoramic radiography in diag-
nosing maxillary sinus-root relationship: A systemat-
ic review and meta-analysis. Angle Orthod. 
2018;88:819-29. 

18 Niknami Mahdi, Mirmohammadi Mahdi, Pezeshki 
Azade. Evaluation of the Prevalence of Mucous Re-
tention Pseudocyst and its Correlation with the Asso-
ciated Risk Factors Using Panoramic Radiography 
and Cone-Beam Computed Tomography. J Dent (Teh-
ran). 2018;15:123-9.

19 Toraman M, Peker I, Degerli S, Ilker A. Comparison of 
Cone-Beam Computed Tomography and Panoramic. 
Rev Instanbul Univ Odontol. 2016;50:8-14.

20 Zhang Xi, Li Yan, Zhang Yi, et al. Investigating the 
anatomical relationship between the maxillary molars 
and the sinus floor in a Chinese population using 
cone-beam computed tomography. BMC Oral Health. 
2019;19:1-8.

21 Razumova Svetlana, Brago Anzhela, Howijieh Ammar, 
Manvelyan Ashot, Barakat Haydar, Baykulova Malina. 
Evaluation of the relationship between the maxillary 
sinus floor and the root apices of the maxillary pos-
terior teeth using cone-beam computed tomograph-
ic scanning. J Conserv Dent. 2019;22:139-143.

22 Pagin Otávio, Centurion Bruna Stuchi, Rubira-Bullen 
Izabel Regina Fischer, Alvares Capelozza Ana Lúcia. 
Maxillary sinus and posterior teeth: Accessing close 
relationship by cone-beam computed tomographic 
scanning in a Brazilian population. J Endod. 
2013;39:748-51. 

23 Kang Sung Hyun, Kim Bom Sahn, Kim Yemi. Prox-
imity of posterior teeth to the maxillary sinus and 
buccal bone thickness: A biometric assessment 
using cone-beam computed tomography. J Endod. 
2015;41:1839-46.

24 Dobroś Katarzyna, Zarzecka Joanna. Dental assess-
ment of odontogenic maxillary sinusitis, aided by Cone 
Beam Computed Tomography. Folia Med Cracov. 
2020;60:85-96.

25 Laverty Dominic Peter. A case report of accidental 
extrusion of sodium hypochlorite into the maxillary 

sinus during endodontic retreatment and review of 
current prevention and management. J Restor Dent. 
2014;2:96.

26 Lu Yu, Liu Zhongjun, Zhang Lan, et al. Associations 
between maxillary sinus mucosal thickening and 
apical periodontitis using cone-beam computed to-
mography scanning: A retrospective study. J Endod. 
2012;38:1069-74. 

27 Nascimento Eduarda Helena Leandro, Pontual Maria 
Luiza A., Pontual Andrea A., Freitas Deborah Q., Perez 
Danyel E.Cruz, Ramos-Perez Flávia M.M. Association 
between Odontogenic Conditions and Maxillary Sinus 
Disease: A Study Using Cone-beam Computed Tomog-
raphy. J Endod. 2016;42:1509-15. 

28 Gürhan C., Şener E., Mert A., Şen G. B. Evaluation of 
factors affecting the association between thickening 
of sinus mucosa and the presence of periapical lesions 
using cone beam CT. Int Endod J. 2020;53:1339-47. 

29 Tassoker Melek. What are the risk factors for maxillary 
sinus pathologies? A CBCT study. Oral Radiol. 
2020;36:80-4. 

30 Nunes Carla A.B.C.M., Guedes Orlando Aguirre, Alen-
car Ana Helena G., Peters Ove A., Estrela Cyntia R.A., 
Estrela Carlos. Evaluation of Periapical Lesions and 
Their Association with Maxillary Sinus Abnormalities 
on Cone-beam Computed Tomographic Images. J 
Endod. 2016;42:42-6.

31 Eggmann Florin, Connert Thomas, Bühler Julia, Da-
gassan-Berndt Dorothea, Weiger Roland, Walter Clem-
ens. Do periapical and periodontal pathologies affect 
Schneiderian membrane appearance? Systematic 
review of studies using cone-beam computed tomog-
raphy. Clin Oral Investig. 2017;21:1611-30.

32 Shanbhag Siddharth, Karnik Prabodh, Shirke 
Prashant, Shanbhag Vivek. Association between peri-
apical lesions and maxillary sinus mucosal thickening: 
A retrospective cone-beam computed tomographic 
study. J Endod. 2013;39:853-7. 

33 Huang Yen Ting, Hu Suh Woan, Huang Jing Yang, 
Chang Yu Chao. Assessment of relationship between 
maxillary sinus membrane thickening and the adja-
cent teeth health by cone-beam computed tomogra-
phy. J Dent Sci. 2021;16:275-9.

34 Zhang Bo, Wei Yiping, Cao Jie, et al. Association be-
tween the dimensions of the maxillary sinus mem-
brane and molar periodontal status: A retrospective 
CBCT study. J Periodontol. 2020;91:1429-35. 

35 Hirsch Annemarie G., Nordberg Cara, Bandeen-Roche 
Karen, et al. Radiologic sinus inflammation and symp-
toms of chronic rhinosinusitis in a population-based 
sample. Allergy.2020;75:911-920.

36 Ren Song, Zhao Haijiao, Liu Jingbo, Wang Qingxuan, 
Pan Yaping. Significance of maxillary sinus mucosal 
thickening in patients with periodontal disease. Int 
Dent J. 2015;65:303-10. 

37 Gilmore A, Pomerleau J, McKee M, Rose R, Haerpfer 
CW, Rotman D, Tumanov S. Prevalence of smoking in 
8 countries of the former Soviet Union: results from 
the living conditions, lifestyles and health study. Am 
J Public Health. 2004;94:2177-87. 

38 Douglas D. Reh, Thomas S. Higgins and Timothy L. 
Smith. Impact of tabacco smoke on chronic rhinosi-
nusitis. Int Forum Allergy Rhinol. 2013;2:362-9. 

39 Lieu Judith E.C., Feinstein Alvan R. Confirmations 
and surprises in the association of tobacco use with 
sinusitis. Arch Otolaryngol - Head Neck Surg. 
2000;126:940-6. 



52

Corresponding Author 
Tiago André Fontoura de Melo | Federal University of Rio Grande do Sul, Porto Alegre, RS | Brazil
Tel. +55 (51) 3308-5430 | Email: tafmelo@gmail.com

Available online at www.giornaleitalianoendodonzia.it

10.32067/GIE.2021.35.02.35 
Società Italiana di Endodonzia. Production and hosting by Ariesdue.  This is an open access article under the CC BY-NC-ND license  
(http://creativecommons.org/licenses/by-nc-nd/4.0/).

Peer review under responsibility of Società Italiana di Endodonzia

Giornale Italiano di Endodonzia (2021) 35

Vanessa Mallmann 
Weschenfelder1

Vicente Castelo Branco 
Leitune2

Tiago André Fontoura de Melo2

1Dentistry College, Federal University 
of Rio Grande do Sul, Porto Alegre, 
RS, Brazil

2Federal University of Rio Grande do 
Sul, Porto Alegre, RS, Brazil

ABSTRACT

Aim: To evaluate the effect of different methods of fiber post cleaning on post resistance 
to dislodgement after cementation.
Methodology: Sixty bovine incisors were divided into six groups according to the cleaning 
method applied to the fiber posts. GC: no cleaning; GES: autoclave sterilization; GHP: 2.5% 
sodium hypochlorite; GCL: 2% chlorhexidine digluconate; GAL: 70% alcohol; GAF: 35% 
phosphoric acid. The posts were cemented in the canals using a self-adhesive resin cement. 
The specimens were sectioned perpendicularly along the long axis of the root with an av-
erage thickness of 1.61 mm at the cervical, middle, and apical root thirds and subjected 
to the push-out test. After the test, they were examined under a stereomicroscope to de-
termine failure mode. Data were analyzed using one-way ANOVA and the Tukey test (α=0.05).
Results: The comparisons with the GC group revealed statistical differences only in the 
middle and apical thirds of the GCL group and in the apical third of the GHP group. Only the 
apical thirds were different from the middle and cervical thirds in the GC group, and the 
cervical thirds, from the middle and apical thirds of the GES group.
Conclusions: The resistance to dislodgement of fiber posts cemented in root canals was 
not affected by the different cleaning methods under study.
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Effect of different methods of fiber  
post cleaning on post resistance to dislodgement 
from the root canal
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Introduction

R
esources for a direct restoration 
of weakened and endodonti-
cally treated teeth include 
fiber posts, which have an 
elasticity module similar to 

that of dentin, and restorative materials (1, 
2). The cementation protocols for this type 
of post include numerous pre-placement 
clinical procedures, of which the operator 
should have a sound knowledge and tech-
nical mastery, conducted under strict bi-
osafety control. Handling and clinical 
adjustment of the post by the manufactur-
er or the dentist without proper biosafety 
care before cementation may result in the 
accumulation of microorganisms on the 
surface of the post, which may initiate and 
perpetuate contamination of the root canal 
system (3). Correct cleaning of the post 
before cementation reduces the risk of 
reinfection and endodontic treatment 
failure.
Although fiber posts are manufactured 
under aseptic conditions, they can be 
contaminated through manual contact, or 
by aerosols. Furthermore, in routine clin-
ical procedures, it may be necessary to 
change the size of the fiber post that has 
been tried in a root canal. Therefore, clean-
ing is required to use the fiber post again 
(4). Some substances such as sodium hy-
pochlorite (5) and chlorhexidine (6) may 
be used to clean intraradicular posts. They 
are excellent antimicrobial irrigants to be 
used during endodontic treatments. Alco-
hol, already used to clean posts before 
cementation, also has a bactericidal and 
virucidal action against certain strains (7). 
Phosphoric acid, in contrast, reduces the 
microbial load on surfaces, but does not 
eliminate it completely (8). However, no 
studies have yet examined whether the 
use of these substances has any deleterious 
effects, such as the presence of residual 
oxygen, the formation of precipitates, or 
changes in the surface roughness of posts, 
which may compromise the adhesive 
bonding of posts cemented in root canals. 
There are only studies that directly assess 
the effect of these substances on the dentin 
substrate (9-11).

This study evaluated the effect of different 
methods of fiber post cleaning on post 
resistance to dislodgement after cementa-
tion. The null hypothesis is that the dif-
ferent methods of fiber post cleaning do 
not cause changes in the bond strength of 
fiberglass posts within the intraradicular 
dentin.

Materials and Methods

Sample selection and preparation
This study included 60 bovine primary 
incisors with root canals that had an 
apical diameter equivalent to that of a 
#20 K-file (Dentsply/Maillefer Instru-
ments S.A., Ballaigues, Switzerland). 
After cleaning, the teeth had their crowns 
sectioned at the cementoenamel junction 
using a low-speed carbide disc. Roots 
were standardized to a length of 17 mm, 
and working length (WL) was set at 1 mm 
short of root length (WL=16 mm). All 
samples were prepared manually with 
first and second series K-type stainless 
steel endodontic instruments (Dentsply/
Maillefer Instruments S.A., Ballaigues, 
Switzerland). Chemomechanical prepa-
ration was carried out in the following 
sequence of K-type instruments: #20, #25, 
#30, #35, #40, and #45 (Dentsply/Maillefer 
Instruments S.A., Ballaigues, Switzer-
land). All instruments were used along 
the WL.
At each instrument change, the canals 
were irrigated with 2 mL of 2.5% sodium 
hypochlorite (Iodontec Indústria e Comér-
cio de Produtos Odontológicas Ltda., 
Porto Alegre, Brazil) using a plastic syringe 
(BD Solumed, São Paulo, Brazil) and 25-
mm 30-ga NaviTip needles (Ultradent, 
Indaiatuba, Brazil).
After the preparation, the canals were ir-
rigated with 17% trisodium EDTA (Bio-
dinamica, Ibiporã, Brazil) for three minutes 
under agitation using #45 files. After that, 
they were rinsed with distilled water 
(Iodontosul-Industrial Odontológica do Sul 
LTDA, Porto Alegre, Brazil) and dried with 
absorbent paper cones (Tanari Indústria 
Ltda., Manaus, Brazil).
All canals were filled with gutta-percha 
cones and a resin-based sealer (AH Plus®, 
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Dentsply/Maillefer Instruments SA, Bal-
laigues, Switzerland) using a #60 McSpad-
den® condenser (Dentsply/Maillefer In-
struments SA, Ballaigues, Switzerland) 
and the hybrid technique developed by 
Tagger. All samples were restored using a 
temporary filling paste (Cimpat®, Sept-
odont, Saint-Maur-des-Fossés, France) and 
then kept in distilled water for two days 
until the paste set completely.
After that, the canals were cleaned with 
2 mL of distilled water and dried with 
absorbent paper points (Dentsply Maillefer 
Instruments SA, Ballaigues, Switzerland) 
to prepare the space for the post to be ce-
mented.
The drill that comes with the post and has 
the same diameter was used to remove 
13 mm of the obturation, leaving 3 mm 
of apical sealing.

Division of experimental groups
The teeth were divided into six groups 
(Table 1), using simple random sam-
pling and the Excel software (Microsoft 
Excel, Microsoft Corporation, Red-
mond, WA).

Protocols for fiber post cleaning
Sixty #1 tapered Exacto® fiber posts (An-
gelus, Londrina, Brazil) were used in the 
study (10 per group). The posts in GC did 
not receive any antimicrobial treatment. 
The samples in GES were sterilized in an 
autoclave: they were placed in a steriliza-
tion pouch (Medstéril, São Paulo, Brazil), 
sealed using a sealing machine (RSR 2000, 
RON Micromecânica Ltda., São Paulo, 
Brazil) and placed in a Vitale 12 autoclave 
(Cristófoli, Curitiba, Brazil) for a 40-minute 
cycle at a temperature of 240 ºF (126 ºC) 
and 20 psi of pressure.
The posts in GHP, GCL, GAL and GAF 
were kept in contact with the disinfectant 
for 5 minutes (Table 2). After that, all were 
rinsed with 20 mL of saline and dried at 
room temperature.

Post cementation and specimen 
preparation
All posts were cemented according to the 
manufacturer’s directions. An adhesive 
(Single Bond Universal®, 3M ESPE, St 
Paul, MN) was applied to the posts for 20 
seconds using a microbrush, and posts 

Table 1
Experimental groups

Groups n Disinfection method

GC 10 None

GES 10 Autoclave sterilization

GHP 10 2.5% sodium hypochlorite (Iodontosul, Industrial Odontológica do Sul LTDA, Porto Alegre, Brazil)

GCL 10 2% chlorhexidine digluconate (Maquira Indústria de Produtos Odontológicos S.A., Maringá, Brazil)

GAL 10 70% alcohol (LBS Laborasa Indústria Farmacêutica Ltda., São Paulo, Brazil)

GAF 10 35% phosphoric acid (FGM, Joinville, Brazil)

Table 2 
Disinfectants and application method according to fiber post group

Groups Disinfectant Application method

GHP 2.5% sodium hypochlorite Posts were immersed in 10 mL of the solution

GCL 2% chlorhexidine digluconate Posts were immersed in 10 mL of the solution

GAL 70% alcohol Posts were immersed in 10 mL of the solution

GAF 35% phosphoric acid Gel was applied to posts in a Petri dish
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were then dried with air spray for 5 sec-
onds. The posts were cemented using a 
self-adhesive resin cement (RelyX U200®, 
3M ESPE, St. Paul, MN) applied to the root 
canal with a syringe (Sistema Centrix, DFL, 
Rio de Janeiro, Brazil) and a fine metal tip 
to fill the 13 mm of unobstructed canal. 
The posts were inserted into the root canal 
and light-cured using an EC450 unit 
(ECEL, Ribeirão Preto, Brazil) at an irradi-
ance greater than 400 mW/cm2 for 20 sec-
onds; chemical curing took six more 
minutes.
The roots were kept in distilled water after 

cementation, and, 15 days later, were sec-
tioned perpendicularly along the long 
axis of the root in three 1.61-mm ± 
0.30-mm-thick slices using a diamond saw 
(Labcut 1010, Extec Corp., Enfield, CT). The 
slices were standardized to 4 mm in the 
cervical third, 8 mm in the middle third 
and 12 mm in the apical third (Figure 1). 
They were labeled and stored in an oven 
at 37° C and 100% relative humidity for 
seven days.

Push-out test
The specimens were placed on a stainless 
steel support that had a central perforation 
2 mm in diameter. As the posts were con-
ical, the load was applied to the apex in 
the direction of the cervical third, so that 
the post was pushed towards the widest 
portion of the root canal.
The load was applied only to the post 
surface using a pin measuring about 1 
mm in diameter in a universal testing 
machine (EZ-SX, Shimadzu, Kyoto, Ja-
pan). The load cell was 500 N, and the 
crosshead speed, 1 mm/min. The values 
were recorded in N and later converted 
to MPa.
The internal upper and lower diameters 
of the canal and the thickness of the 
sections (cone trunk area) were measured 
to estimate the canal area used for the 
calculation of bond strength values.

Figure 1
Schematic diagram  

of root slices.

Table 3
Bond strength values in the push-out test according to root thirds in the different groups

Experimental Group

Root thirds

PCervical Middle Apical

MPa (± SD) MPa (± SD) MPa (± SD)

GC 9.87Aa ± (4.18) 6.89Aab ± (3.30) 4.37Ab ± (4.42) P<0.05

GES 12.12Aa ± (3.28) 9.28ABb ± (3.01) 7.66ABb ± (2.40) P<0.05

GHP 10.5Aa ± (2.56) 10.17ABa ± (3.71) 9.96Ba ± (4.62) P=0.949

GCL 11.29Aa ± (2.56) 13.46Ba ± (6.06) 10.23Ba ± (4.80) P=0.309

GAL 10.64Aa ± (3.53) 11.53ABa ± (4.46) 8.96ABa ± (4.40) P=0.386

GAF 11.96Aa ± (4.43) 10.29ABa ± (3.83) 8.29ABa ± (4.08) P=0.158

P P=0.676 P<0.05 P<0.05

Means followed by different uppercase letters in the column and means followed by different lowercase letters in the line differ significantly in the analysis 
of variance at the 5% significance level.
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After the push-out test, the fractured spec-
imens were analyzed under an X20 stere-
omicroscope (Stemi 2000, Karl Zeiss, 
Germany) to determine the adhesive, co-
hesive, or mixed failure pattern. 

Statistical analysis
The Shapiro-Wilk test was used to check 
for data normality. One-way ANOVA and 
the Tukey test for multiple comparisons 
were used to analyze the results of resist-
ance to dislodgement. The level of signif-
icance was set at 5% (P≤0.05). Statistical 
analyses were performed using the Graph-
Pad Prism 7 program (GraphPad Software 
Inc., San Diego, CA).

Results 

Mean values of resistance to dislodgement 
(MPa) in the different groups and canal 
thirds are shown in Table 3. There was a 
statistical difference between the GC group 
and the groups disinfected with chlorhex-
idine (GCL) in the middle and apical thirds 
and with sodium hypochlorite (GHP) in 
the apical third. The comparisons of canal 
thirds in each group revealed a statistical 
difference only in GC when the apical 
third was compared with the middle and 
cervical thirds, and GES, in the compari-
sons of cervical thirds with the middle 
and apical thirds.
Graph in figure 2 shows the percentage of 
failure in the samples for each root third. 
There was a higher percentage of cohesive 
failures in the cervical and middle thirds 
in all groups. However, most failures in 
the apical third were of the adhesive type 
at the post-cement interface, except in GCL 
and GAL, in which samples had a higher 
percentage of cohesive failures.

Discussion

In the analysis of factors that may deter-
mine the endodontic and restorative suc-
cess of a tooth, one must take into account, 
in addition to the choice of the best mate-
rial to functionally and aesthetically re-
place the lost structure, the decontamina-
tion of this material before being inserted 
into the root canal. It is prudent to have a 
biosafety protocol on intraradicular pins 
so that they are effective in their functions 
and that at the same time they do not re-
contaminate the canal.
Although some disadvantages have been 
reported in the literature, such as the 

Figure 2
A graph showing failure patterns (%) after tested protocols.
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distribution of non-uniform tensions, the 
push-out test was chosen in this study be-
cause it is more reliable than other tech-
niques for the evaluation of resistance to 
dislodgement of fiber posts from root canal 
dentin (12). All root thirds were tested to 
understand, after excluding other variables, 
the mechanism of changes during the in-
teraction between the post and the cement.
According to the results obtained, the null 
hypothesis of the present study was accept-
ed, the methods used to clean posts did not 
have a negative effect on the resistance to 
dislodgement of fiber posts cemented in root 
canals. In fact, the comparison of the GC 
group with the other groups revealed a 
statistically significant increase in bond 
strength in the middle and apical thirds of 
GCL, and in the apical third of GHP. So far, 
studies in the literature have only investi-
gated the treatment of dentin surfaces with 
disinfectants and their effect on cemented 
posts. Although treatments applied to den-
tin cannot be compared with dentin treat-
ments, their results revealed some differ-
ences. The use of chlorhexidine as a root 
canal irrigant before post cementation 
seems to increase the bond strength of the 
posts. Farina et al (13) found that the bond 
strength of a self-etching adhesive to dentin 
was greater in the group that received 2% 
chlorhexidine followed by 17% EDTA as 
intracanal irrigation than in the groups that 
was irrigated with different concentrations 
of sodium hypochlorite. Durski et al (14), 
in a study that pretreated all samples with 
2% chlorhexidine, found that the posts 
cemented with the RelyX Unicem® self-ad-
hesive system had greater bending forces 
in all thirds than those that received the 
RelyX ARC® total-etch cement, in both 
immediate and long-term analyses. Accord-
ing to a study analyzing the use of sodium 
hypochlorite conducted by Ertas et al (15), 
5 mL of 5.25% sodium hypochlorite for five 
minutes in the root canal prepared to re-
ceive a post did not decrease the bond 
strength of the cemented post. Cecchin et 
al (16) found that sodium hypochlorite does 
not affect post bond strength immediately 
after bonding and for 12 months.
Sterilization is the best resource to elimi-
nate all forms of microorganisms (17). Post 

sterilization in an autoclave did not affect 
the bond strength of post to root canal. 
Yagci et al (4) analyzed the effect of steri-
lization using ethylene oxide and autoclave 
sterilization on the tensile strength, flexion 
and elasticity modulus of fiber posts. Re-
sults revealed that that type of sterilization 
did not affect the three criteria negatively, 
which somewhat corroborates our findings. 
In contrast, Canelas et al (18) found that 
autoclave sterilization and the application 
of a disinfectant containing glutaraldehyde 
resulted in a statistically significant de-
crease in fiber post strength and a greater 
risk of fracture than in the control group. 
According to those authors, the exposure 
to high-pressure steam during autoclave 
sterilization might compromise the phys-
ical properties of the fiber posts because of 
the degradation of the bond between the 
resin matrix and the fibers. According to 
their manufacturer’s instructions, Exacto® 
posts may be autoclaved up to two times, 
as more times may affect the strength of 
their material. In addition, questions re-
main about how long a patient should wait 
for autoclave sterilization to be completed. 
Posts should be disinfected before intr-
aradicular cementation, as well as after 
their necessary adjustment to the tooth 
structure. Posts are adjusted to the desired 
length usually using drills and tips at high 
rotation under refrigeration. Therefore, 
there is a considerable increase in clinical 
time when transoperative autoclave steri-
lization is used, and this time should be 
included in treatment plans.
Cleaning with alcohol and phosphoric 
acid did not compromise post bond 
strength in the canal. Many manufacturer’s 
protocols for the cementation of fiber posts 
call for cleaning the posts with alcohol 
before the application of silane to degrease 
their surface, and not to disinfect them. 
According to the Center of Diseases Control 
and Prevention, 70% alcohol is an inter-
mediate level germicide (19). In our study, 
the posts were immersed in alcohol for five 
minutes for cleaning, and this clinical 
protocol seems to suggest that post bond 
strength in the canal is not compromised. 
The five-minute immersion time was de-
fined to standardize all study protocols. 
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Moreover, alcohol is a volatile substance 
and would have to be replaced if a longer 
time had been used. Baldissera et al (20) 
found that 70% alcohol remained active 
and eliminated all microorganisms on 
periapical radiographic film when a min-
imum immersion time of three minutes 
was used. The application of phosphoric 
acid to post surfaces improves the chemi-
cal interaction between the post surface 
and the restorative material (21, 22). How-
ever, the decrease in adhesive strength of 
intraradicular posts seems to be associated 
with the degradation of dentin collagen 
fibrils after intracanal acid etching (23). In 
our study, phosphoric acid was applied to 
the fiber post to reduce superficial micro-
bial contamination (8), and post bond 
strength in the canal was not affected. 
Albashaireh et al (24) found that pretreat-
ing fiber posts with 37% phosphoric acid 
for 15 seconds had no significant effect on 
fiber post resistance to dislodgement.
The comparison of resistance to dislodge-
ment of cemented posts from root thirds 
revealed differences in the thirds closest 
to the root apex from those located in the 
cervical third only in GC and GES. This 
finding is in accordance with reports in the 
literature (25, 26). Durski et al (14) also found 
that the use of total etching and self-adhe-
sive resin cements resulted in higher fiber 
post bond strength in the cervical third, 
whereas the apical third had significantly 
lower push-out values. Root dentin has 
morphological differences along the canal 
(27), as the density of dentinal tubules is 
reduced (28) and its diameter is smaller (29) 
in the apical region, which may justify the 
difference between root thirds. The other 
groups did not show any differences in bond 
strength between the root thirds, although 
their values (Table 3) decreased from the 
cervical to the apical third. In the studies 
conducted by Faria and Silva et al (30), with 
fiber posts, and by Kahnamouei et al (31), 
with quartz posts, resistance to dislodge-
ment was the same in the comparisons 
between root thirds. In both studies, the 
posts were cemented in the root canal with 
self-adhesive systems.
The analysis of predominant failure mode 
revealed a higher percentage of cohesive 

failures in the middle and cervical thirds 
than of mixed and adhesive failures in all 
groups. These results are in agreement with 
findings by Lindblad et al (32), who evalu-
ated the effect of chlorhexidine as a root 
canal irrigant before fiber posts were ce-
mented using different types of cements. 
They found that chlorhexidine had no 
negative effect on the resistance to dis-
lodgement of cemented posts. In contrast, 
the examination of the apical third in our 
study revealed a predominance of adhesive 
failures, except in the groups of samples 
disinfected with alcohol and chlorhex-
idine, which had a higher percentage of 
cohesive failures. Lindblad et al (32) also 
found a higher percentage of cohesive and 
mixed failures, except in the group that 
received everStickPOST for cementation 
and chlorhexidine as an intracanal irrigant. 
No plausible explanation was found in the 
literature for the fact that cohesive failures 
were predominant in the apical third when 
these substances were used.
The use of a disinfectant on the fiberglass 
posts before their cementation in the root 
canal is necessary to ensure the biosafety 
of the operative field. Our study found that 
bond strength of posts cemented in the 
canal was not affected by the cleaning 
methods under evaluation. However, fur-
ther studies should examine other clinical 
protocols with varying disinfectant con-
centrations and times to evaluate whether 
they affect post properties and function 
after restorations.

Conclusions

The cleaning methods examined in this 
study did not have a negative effect on the 
resistance to dislodgement of fiber posts 
cemented in the root canal.

Clinical Relevance

The cleaning methods examined not in-
fluence intraradicular posts adhesion.
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ABSTRACT

Aim: In the last decade, endodontic microsurgery has achieved high qualitative standards 
and excellent success rates. Technology and highly innovative materials have reduced pre- 
and intra-surgical complexity. To date, operator experience continues to be an important 
prognostic factor. This study aimed to evaluate the accuracy of root resections achieved by 
two operators with different experience in endodontic microsurgery using a surgical guide. 
Methodology: A comparative study was conducted on 40 roots (20 roots/operator) in two 
defrosted cadaver heads. Preoperative CBCT and intraoral scans were used to plan and 
manufacture a bony-supported surgical guide equipped with oriented steel sleeves and 
buccal flanges. Two operators with different levels of endodontic skills and abilities execut-
ed osteotomies and root resections. Planned and postoperative CBCT images were super-
imposed to measure the linear deviation of the surgical access point from the planned 
target. A t-test was performed to compare linear deviations from the planned target between 
experienced and non-experienced operators. Statistical significance was set at 5% (p<0.05). 
Maximum length of resected apex, periodontal ligament, and sufficient osteotomy to com-
plete the root-end preparation and filling were qualitatively evaluated by a third experienced 
surgeon.
Results: Overall, the mean linear deviation was 1.23 ± 0.38 mm. No statistically significant 
differences emerged between operators, even in posterior teeth. All root resections were 
considered clinically successful.
Conclusions: Guided endodontic microsurgery is an accurate and unbiased method to 
execute apical access, even in posterior teeth, and is not subject to the surgeon’s experience.
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Introduction

E
ndodontic microsurgery is in-
dicated for the treatment of 
periapical lesions of endodontic 
origin that do not respond to or 
cannot be treated with conven-

tional therapy (1, 2). The primary goal of 
endodontic microsurgery is to eradicate 
the causes of persistent apical pathology 
and reduce postoperative discomfort. 
Persistence of bacteria within the anatom-
ical complexity of the root canal, ex-
tra-radicular infection, foreign body reac-
tions to gutta-percha root filling materials 
and radicular cysts may result in endodon-
tic failures (3).
Small osteotomies and optimal root resec-
tions are two prerequisites to reduce the 
risk of endodontic failures. Given the 
correlation between small osteotomies and 
favourable postoperative healing outcomes, 
the osteotomy should be sufficiently large 
to allow instrumentation access to the root 
canal and small enough to reduce hard 
tissue trauma (4). An adequate osteotomy 
facilitates root-end canal preparation and 
subsequent removal of soft tissue lesion 
surrounding the apical access. 
Moreover, an optimal root resection allows 
the operator to resect the root-end com-
pletely and detect multiple or aberrant 
canals with subsequent ease of retrograde 
preparation (5). 
Therefore, root resection should be per-
formed at 3 mm from the apex, with a 
bevel angle perpendicular to the long axis 
of the root and a cavity of at least 3 mm 
depth (2). The apical length of 3 mm is not 
an absolute value, but an ideal length to 
balance the need to remove apical ramifi-
cations and lateral canals and to maintain 
a favourable crown-root ratio (6). The 
length and angle of the root-end resection 
are critical prognostic factors for endodon-
tic microsurgery success (2), because they 
impact the accessibility to the infection 
site, a crucial element for the success of 
the whole surgical procedure. 
Proximity to the mandibular nerve or the 
maxillary sinus, the cortical bone thick-
ness or a palatal root could represent sig-
nificant hindrances in performing end-

odontic microsurgery. For this reason, 
accuracy and precision of osteotomy and 
root-end resection are fundamental to re-
duce the risk of damages to hard and soft 
tissues and neighbouring structures and 
perform an optimal root-end preparation 
(7-9).
New technologies, innovative materials 
and surgical expertise have been consid-
ered the main components to achieve a 
success rate greater than 90% in the me-
dium-long period (10-12). In the last de-
cades, technologies and innovative mate-
rials have increased the equipment 
needed for many practitioners, thus reduc-
ing many technological difficulties. Not-
withstanding, the lack of surgical experi-
ence and specific endodontic skills con-
tinue to be an issue in preventing many 
endodontists from performing traditional 
endodontic surgery. Approximately 77% 
of residents in U.S. endodontic residency 
programs execute fewer than 20 apical 
resections during their training (13) and 
25-30% do not perform surgery in the 
mandibular premolar-molar region (14).
To date, root access and visualization, 
tooth position, and lack of proper training 
have been considered the main challenges 
in the apical surgery procedure (14-16). 
Surgical guides, similar to those adopted 
in implantology, have been tested to reduce 
the operator’s uncertainties and increase 
the precision and accuracy of the surgical 
approach. Many studies demonstrated how 
surgical guides could improve the preci-
sion of osteotomies and the accuracy of the 
root-end resection (17-24). Case reports 
also highlighted how the combination of 
Cone Beam Computed Tomographic 
(CBCT) imaging and guided endodontic 
microsurgery can potentially minimise 
the risk of intra- and post-operative com-
plications (25).
In light of this, our study aimed to demon-
strate how a surgical guide can increase 
the precision and accuracy of osteotomies 
and root-end resection for practitioners 
with a limited surgical endodontic expe-
rience. The accuracy level achieved respec-
tively by an experienced surgeon and a 
sixth-year dental student was compared. 
The hypothesis was that using a surgical 
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guide for osteotomy and root-end resection 
allows the inexperienced operator to ac-
curately access a root to a pre-planned 
location with the same accuracy level as 
that of an experienced operator.

Materials and Methods

A surgeon experienced in implants and 
endodontic microsurgery and a sixth-year 
dental student at the School of Dentistry 
of the University of Brescia participated 
in the study.
Two cadaver heads were obtained from 
ICLO (Teaching and Research Center, 
Verona, Italy). The use of anatomical parts 

derived from cadavers complies with the 
regulations of the National Bioethics Com-
mittee of the Italian Republic and the 
Helsinki Declaration. Ethics Committee 
Approval was not necessary.
Preoperative CBCT scans (5GXL, NewTom, 
Verona, Italy) and intraoral scans (Trios3, 
3Shape A/S,  Copenaghen, Denmark) of 
specimens were obtained. Scattering effect 
in CBCT was eliminated using a radio 
translucent bite (EvoBite, 3Diemme, Cantù, 
CO, Italy). A three-dimensional model of 
specimens was created using 3Diagnosis 
4.1 software (3Diemme Bioimaging Tech-
nologies, Cantù, CO, Italy) (Figure 1A). 
Axial, panoramic and cross-sectional 

Figure 1
Planning and design of the 

surgical guide in the 
3Diagnosis 4.1 software. A) 
Matching between STL and 

DICOM file; B) Identification 
of apexes; C) Positioning of 
virtual cylinders; D) Surgical 

guide.

A B

C D
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views were used to evaluate the func-
tionality of dental structures and design 
the surgical guide. A software for guid-
ed implant surgery was used to position 
virtual cylinders (23) on the root’s apical 
third (Figure 1B, 1C). The diameter of 
these cylinders varied between 4 and 5 
mm, while their length ranged from 5 to 
20 mm as per the specific clinical sce-
nario. Each virtual cylinder was posi-
tioned at 3 mm from the apex in the 
coronal direction (panoramic view), 
perpendicular to the long axis of the root 
(cross view) and correctly oriented in 
the mesiodistal direction (axial view) 
according to physiologic and anatomic 
limits. In the cross-sectional view, the 
virtual cylinders were placed such that 
they overcame the root by at least 1 mm. 
The experienced endodontist supervised 
the whole virtual planning designed by 
the student.
Surgical guides were also designed and 
produced in the 3Diagnosis 4.1 software 

and fabricated at Idi Evolution (Con-
corezzo, MB, Italy) (Figure 1D). Each 
surgical guide was equipped with ori-
ented 5 mm-long rounded steel sleeves 
in order to control the path and depth 
of the trephine and with a diameter 
range of 4 to 6 mm depending on the 
characteristics of the apex. A buccal 
flange was designed following the profile 
of the bone table to improve guide ad-
herence and protect soft tissues due to 
its role as passive retractor of the mu-
cogingival flap. 
During the surgical intervention, soft 
tissues were removed from the specimen 
mimicking flap reflection in a clinical 
scenario. The guide was positioned over 
the occlusal surface of the teeth (Figure 
2A).
Osteotomy and root resection were per-
formed on forty roots (20 roots/operator) 
with unique access using a trepan bur 
(length 18 mm: n° 227.204.050 – external 
diameter 5 mm and internal diameter 

A B

C D

Figure 2 
Surgical Access. A) Position-
ing of the guide on the arch, 

B) Cortical window and apical 
resection with only one 

milling operation, C) and D) 
Bone carrots extraction from 

the cortical table.
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4.1 mm – or n° 227.204.060 – external 
diameter 6 mm and internal diameter 
5.1 mm; Komet Dental, Lemgo, Germany) 
(Figure 2B and 2C). 
The resection of the root was made si-
multaneously to the bone using the same 
trepan bur. Given the different hardness 
of the tissues, we slightly increased the 
speed as well as the thrust in according 
to the tissue strength. No vibrations were 
noted during the whole process. Bone 
carrots and resected apices were removed 
from the cortical table (Figure 2D). Opti-
mal tissue irrigation was maintained 
during the whole surgical procedure. 
Postoperative CBCT scans were taken for 
each specimen using the same settings 
of the preoperative CBCT scans. Pre- and 
post-operative scans were superimposed 
using 3D GeoMagic Qualify 3D Systems® 
software (3Diemme Bioimaging Technol-
ogies, Cantù, CO, Italy). The deviation of 
the postoperative access point from the 
pre-planned point was measured. Then, 
the linear deviation was determined as 
the distance between the planned access 
point (value 0) and the executed surgical 
access point. 
To quantify the clinical success of the 
procedure, roots and resected apices 
were examined using HS Moller-Wedel 
International Model V.M. 900® operating 
microscope (AT x10, x12 magnification) 
(Moeller Wedel Optical Rosengarten, 
Wedel, Germany). The root surfaces were 
then treated with methylene blue to stain 
the periodontal ligament and root canal 
selectively. 
A third experienced surgeon assessed 
the success or failure of the endodontic 
microsurgery. Success was defined with 
respect to the following four parameters: 
(1) maximum length of resected apex 3 
mm; (2) root canal present and centred; 
(3) periodontal ligament characterised 
by an unbroken circular line around the 
root surface; (4) sufficient osteotomy to 
complete the root-end preparation and 
root-end filling. Roots that did not con-
form to any one of the parameters men-
tioned were classified as failures.
Sample size calculation using G*Power 
3.1 for Macintosh (Heinrich-Heine, Dus-

seldorf, Germany) estimated a minimum 
of 18 roots per group (alpha=0.05, pow-
er=0.8). However, because of the random-
ness of small samples, a minimum 
sample size of 20 per group was adopted 
for this study (20). Roots treated by the 
experienced endodontist were consid-
ered the control group. An external re-
searcher randomly assigned the 40 roots 
to each operator. Linear deviation (mm) 
was reported as mean ± standard devi-
ation. A T-test on independent samples 
was performed to evaluate the statisti-
cally significant differences between 
experienced and non-experienced oper-
ators. Statistical significance was set at 
5% (p<0.05). All statistical analyses were 
performed using the STATA16 software 
(StataCorp., College Station, TX, USA).

Results

The sample comprised 40 roots (53% 
lower arch and 47% upper arch; 65% 
single-rooted teeth and 35% multi-root-
ed teeth). A total of 28% of teeth were 
molars or premolars.
Overall, mean linear deviation was 1.23 
± 0.38 mm (range: 0.48-2.17 mm). The 
mean distances achieved by the experi-
enced and non-experienced operator was 
not statistically different 
(deviationexperienced=1.19 ± 0.37, 95% CI: 
1.01-1.36; deviationnon-experienced 1.27 ± 0.39, 
95%CI: 1.08-1.45; t=0.6638, p=0.5108).
No statistically significant difference 
emerged between the two operators for 
posterior teeth
(deviationexperienced=1.05 ± 0.31, 95% CI: 
0.73-1.38; deviationnon-experienced 1.42 ± 0.43, 
95%CI: 0.89-1.96; t=1.6596, p=0.1314) and 
in lower or upper arch (Table 1).

Discussion

Endodontic microsurgery is a predictable 
surgical approach to explore and solve 
the cause of non-healing in root ca-
nal-treated teeth and eliminate persistent 
apical pathology effectively. The main 
goals of this procedure are the long-term 
survival of asymptomatic teeth and the 
healing of the periapical tissues (26).
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Precise and accurate osteotomies and 
optimal root resections are considered 
prerequisites to achieve postoperative 
favourable healing outcomes in the medi-
um-long period (10, 15, 24, 27, 28). Handling 
and controlling these intra-operative factors 
are, therefore, the main objectives of the 
surgical procedure. 
To date, the lack of specific surgical end-
odontic skills and abilities continue to be 
considered a critical hindrance, preventing 
less experienced endodontists from using 
this predictable technique though technol-
ogy and innovative materials have im-
proved the effectiveness of endodontic 
microsurgery.
This study aimed to demonstrate how a 
surgical guide can increase the accuracy 
of osteotomies and root-end resections 
executed by practitioners with a limited 
surgical experience as well as improving 
existing capabilities. For this goal, the 
level of accuracy achieved by two operators 
with different levels of skills and abilities 
in executing respectively twenty osteoto-
mies and root resections was compared. 
Preoperative CBCT and intra-oral scans 
were used to plan the surgical approach 
and design the surgical guides. Mean linear 
deviation was used as a quantitative pa-
rameter to determine the deviation of the 
trephine by the planned path.
Overall, both operators reported a mean 
linear deviation equal to 1.23 ± 0.38 mm, 
thus confirming the excellent level of ac-
curacy achieved by the guided endodontic 
microsurgery. This result is comparable with 

that achieved by Ackerman et al. (2019), who 
demonstrated that the accuracy level of the 
guided endodontic surgery (1.47 ± 0.75 mm) 
was statistically significant higher (p<0.01) 
than that registered using the “freehand” 
technique (2.64 ± 1.39 mm) (29).
From the comparison between the expe-
rienced and non-experienced operators, 
no statistically significant difference be-
tween the two operators in achieving an 
optimal level of accuracy emerged. The 
surgical guide reduced the less experi-
enced operator’s uncertainties, thus en-
suring comparable results between oper-
ators with different endodontic skills 
(linear deviation experienced operator was 
1.19 ± 0.37 mm; linear deviation non-ex-
perienced operator was 1.27 ± 0.39 mm). 
Antal et al. (2019) suggested that the accu-
racy of the surgical approach without a 
guide is a direct effect of the surgeons’ 
ability to keep in mind the three-dimen-
sional image (23). In the “freehand” ap-
proach, the surgeon should balance the 
need to identify the point of execution of 
the cortical window, especially when a 
fistula is absent (30) with the need to lim-
it tissue damages and keep a sufficient 
visual and operational space (31). 
The presence of a surgical guide allows 
overcoming intra-operative difficulties. 
Thanks to the sleeves placed next to the 
root apices and oriented according to the 
root morphology, the guide becomes a tool 
for transferring preoperative information, 
as apex location and size, the thickness of 
the cortical bone, and orientation of the 

Table 1
Descriptive statistics and t-test on independent samples between experienced and inexperienced operator 

Group Total sample
(n=40)

Posterior teeth 
(n=11)

Anterior teeth
(n=29)

Lower arch 
(n=21)

Upper arch 
(n=19)

Experienced 
operator 1.19 ± 0.37 1.05 ± 0.31 1.24 ± 0.39 1.03 ± 0.34 1.34 ± 0.35 

Inexperienced 
operator 1.27 ± 0.39 1.42 ± 0.43 1.21 ± 0.38 1.12 ± 0.28 1.44 ± 0.45 

p-value 0.5108* 0.1314* 0.8391* 0.5238* 0.5798*

Shapiro-Wilk test for normality of the variable “linear deviation” (p-value) z=-1.835 (0.9667)

Data are presented as mean ± standard deviation. Test t-statistics and Shapiro-Wilk test were reported.
P-value of each test is reported into parenthesis. *Student’s t-test.
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root in the surgical context, thus overcom-
ing the surgical uncertainties due to 
limited experience (32).
Comparing linear deviation achieved by 
both operators in posterior teeth, no sta-
tistically significant difference emerged 
(p>0.05) between the two operators. Al-
though the tooth and anatomical complex-
ities can increase surgical difficulties (16), 
the surgical guide resulted in a fundamen-
tal tool to keep a high level of accuracy in 
more complex surgical conditions.
Both operators achieved 100% success. All 
resected roots were conformed to the four 
predefined parameters. During the plan-
ning phase, the non-experienced operator 
reported a certain level of difficulties in 
using planning software, especially for the 
first planning phases as CBCT and in-
tra-oral scans superimposition. Therefore, 
although the surgical guide reduced the 
difficulties of the non-experienced opera-
tor in minimizing osteotomy and in exe-
cuting the root resection correctly, some 
difficulties related to the use of technolog-
ical devices remained. Some studies 
highlighted an extensive learning curve 
of microsurgical endodontics (27, 31). In 
this work, this extensive learning curve 
was transferred from the surgical phase 
to the preoperative one. 
Guided endodontic microsurgery is an 
innovative approach to minimise intra-op-
erative risks and improve postoperative 
healing outcomes. For a non-experienced 
operator, using a surgical guide reduces 
uncertainties because it allows reproduc-
ing easily all planned parameters. More-
over, in the most complex situations, the 
surgical guide can simulate the surgical 
intervention on 3D models, thus assuring 
an adequate training level.
Some problems related to the use of the 
surgical approach continue to remain. The 
surgical guide could not be readily appli-
cable in patients with reduced mouth 
opening (33-35), dental elements with thin 
roots (24) or with some anatomical com-
plexities. Trephines with small diameters 
could help to overcome some of these 
problems, but a particular caution should 
be exercised.
Despite the significant findings, some 

limitations also emerged. In a clinical 
scenario, the small retraction of the cheek, 
additional soft tissues or their consistency 
can increase the level of difficulty. 

Conclusions

This study demonstrated that using a surgi-
cal guide equipped with a buccal flange and 
oriented sleeves allows accurate and precise 
identification of the lesion site, improving 
the execution of retrograde endodontic treat-
ments by operators with less endodontic 
skills and even in contexts with a particular 
clinical complexity. In endodontic microsur-
gery, using a surgical guide assures total 
precision in achieving the target site and 
allows complete and simultaneous removal 
of the lesion. 

Clinical Relevance

Guided endodontic microsurgery can help 
non-experienced surgeons to achieve 
higher success rates in their everyday 
endodontic clinical practice.
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ABSTRACT

Aim: This ex-vivo study aimed to investigate streaking artifacts produced by three different 
sealers to prevent false-positive diagnosis of vertical root fractures (VRF) in clinical settings 
using cone-beam computed tomography (CBCT).
Materials and Methods: The present experimental study included 60 mandibular teeth, 
single-rooted premolars prepared using a Protaper F3 file and randomly classified into 4 
groups, which were obturated using gutta-percha F3 cones alone (control group) or with 
one of the sealers: MTA Fillapex (FA), Sealapex, and AH26. The teeth underwent CBCT scan 
with a 5×8 cm field of view (FOV), and the images were qualitatively evaluated in axial 
sections by two observers and were coded as follows: Code 1: absence of dark streaks, 
Code 2: slight dark streaks, Code 3: pronounced dark streaks not extending to the root 
surface, Code 4: dark streaks extending to the root surface, resembling a fracture.
Data were analyzed using SPSS software version 20. Chi-square test was used for artifact fre-
quency comparison at P≤0.05 level of significance.
Results: According to both observers, there was no significant inter-group difference in 
artifact frequency (P>0.05), while Code 3 was the most common artifact observed in all 
groups. 
Conclusions: Dark streaks not extending to the root surface (code 3) were the most common 
artifact in the teeth obturated using gutta-percha cones alone or with sealers MTA Fillapex 
(FA), Sealapex, and AH26.
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Introduction

R
oot canal treatment is per-
formed for apical periodontitis 
prevention and treatment (1, 2). 
Complete elimination of bacte-
ria from the root canal system, 

selection of filling material (2), and the 
quality of root canal filling (3) are the im-
portant factors effective in achieving this 
goal.
Radiography play an important role in 
evaluating the root treatment outcomes and 
the etiology of the endodontic failures (4, 
5). One of the main challenges of dental 
procedures is the Correct diagnosis of root 
fracture because early VRF detection 
prevents extensive damage to the dental 
supporting tissues. 
In most cases, accurate diagnosis is only 
possible after evaluating the clinical signs 
and features and symptoms of the periapi-
cal radiographs and CBCT images (6, 7). 
Two-dimensional (2D) radiographs have 
some limitations in VRF diagnosis. these 
radiographs can only detect VRFs if the 
plane of fracture line is parallel to the ra-
diation direction (8). 
Recently, application of cone-beam com-
puted tomography (CBCT) imaging has 
become common in endodontic treatments, 
overcoming the limitations of 2D imaging 
modalities. Some applications of CBCT 
include detection of strip perforation (5), 
VRF detection, root canal filling evaluation 
and detection of periapical lesions and 
evaluation of their healing course (3). 
Most root filling materials such as gut-
ta-percha and sealers cause different forms 
of artifacts (9, 10). These linear artifacts can 
lead to the false-positive misdiagnosis of 
dental root fractures (11). Root canal sealers 
can be classified according to their compo-
sition: calcium hydroxide, glass-ionomer, 
resin, silicone-based sealers, zinc oxide 
eugenol (12) and mineral trioxide aggre-
gate(MTA)-based sealers (13, 14).
All sealers should have sufficient ra-
dio-opacity to allow evaluating the quality 
of root canal filling by radiography. There-
fore, radio-opaque materials are added to 
sealers to help differentiate between the 
sealer and dental tissue or even gaps with-

in the root canal filling (15, 16). Considering 
the differences in radiopacity between the 
sealers, these filling materials also have 
different atomic composition and interac-
tion with X-rays. The scattered radiation 
combined with the lower milliamperage 
of CBCT can compromise the quality of the 
scan, inducing image artifacts and leading 
to inaccurate or false diagnoses (15). 
These artifacts in CBCT images are due to 
the beam-hardening effect, in which there 
is a preferential absorption of lower-energy 
photons compared to higher-energy pho-
tons in an X-ray beam, leading to the cre-
ation of lines that mimic the appearance of 
a root fracture (4) beam hardening may 
occur in two forms. Cupping artifacts and 
white streaks associated with dark bands 
may be appear near of  dense materials. Dark 
bands may mimic root fracture in the CBCT 
images, thus reducing its accuracy of this 
modality in root fracture detection (17).
According to the studies, small FOV pro-
vides images with higher resolution and 
lower artifacts than large FOV. Moreover, 
smaller voxel sizes improve the quality of 
CBCT images (4, 18).
However, streak artifacts can still be pres-
ent in CBCT images even if small FOVs and 
various voxel sizes are used because of the 
radio-opaque materials, such as metals, 
gutta-percha, and sealers (16, 18-24). 
In some studies, authors have evaluated 
the dark bands in the root canal-treated 
teeth CBCT images. 
Gholampour et al. (25) investigated the 
artifacts caused by three different sealers, 
including zinc oxide-eugenol (ZOE)-based 
sealer, ceramic-based sealer, and resin in 
CBCT with two different resolutions. They 
concluded that Gutta-percha alone pro-
duced more artifacts than gutta-percha 
with sealers; moreover, ZOE-based sealer 
induced more artifacts than other sealers.
Brito-Junior et al (15) investigated the streak 
artifacts caused by various root canal seal-
ers (Endofill, Sealer 26, Fill apex, AH Plus) 
in CBCT images with variable voxel reso-
lution. They concluded that the type of 
sealer and voxel resolution can influence 
the presence of streaking artifacts observed 
in CBCT images. 
Freitas-e-Silvae et al. (26) investigated the 
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Figure 1
Axial slices showing streaking artifacts on cervical root sections according 4 codes that were studied 
A) Code 2: slight dark streaks, B) Code 3: pronounced dark streaks not extending to the root surface, 

C) Code 4: dark streaks extending to the root surface, resembling a fracture from left to right 
respectively.

effect of three different sealers (fill canal, 
sealer 26, AH plus) in the VRF diagnosis 
and concluded that endodontic sealers do 
not influence the detection of VRF. There is 
little information available on detecting 
streak artifacts resulted from sealers. There-
fore, such information can be helpful in 
decreasing the potential risk of false-posi-
tive VRF detection.
Therefore, the present experimental study 
intended to evaluate the frequency of arti-
facts resulted from sealers containing cal-
cium hydroxide, epoxy resin, and MTA in 
small-volume CBCT images of obturated 
teeth. The null hypothesis was no signifi-
cant difference exists between the artifacts 
resulted from different sealers.

Materials and Methods

The present study was an ex vivo study 
including 60 single-rooted mandibular 
premolars (from humans aged 18-50) with 
mature apexes and similar lengths that were 
recently extracted due to periodontal or 
orthodontic indications. Exclusion criteria 
included teeth with internal or external root 
resorption, cracks, fractures, extensive 
restorations (beyond the CEJ), root canal 
obstruction, dilaceration, and other anom-
alies. All the samples were evaluated and 
confirmed to fulfill the inclusion and ex-
clusion criteria using digital radiography in 
mesiodistal and buccolingual dimensions. 
For surface disinfection, the teeth were 
immersed in 5.25% sodium hypochlorite 
solution (Chloraxid, Cerkamed, Poland) for 
2 hours (3). Then, they were kept in distilled 

water until imaging. They were re-evaluat-
ed using an operating microscope (Pico, 
Zeiss Co., Jena, Germany) to ensure the 
absence of any crack or fractures. Moreover, 
those with round root canals were the only 
teeth selected (3, 8).
All teeth were prepared by a postgraduate 
student in endodontics (last year resident). 
Anatomical crowns of all samples were cut 
off in CEJ perpendicular to the longitudinal 
axis of the teeth using a carborundum disc 
and air turbine (KaVo Dental, Biberach, 
Baden-Württemberg, Germany). To deter-
mine the working length, the #10 K-file 
(Dentsply Maillefer, Ballaigues, Switzer-
land) was introduced into the canal until 
its tip was visible at the apex; 1 mm was 
subtracted from this length to determine 
the working length. Instrumentation was 
performed by the same operator that pre-
pared the teeth.
All the canals were prepared using ProTaper 
rotary files (Dentsply Maillefer, Ballaigues, 
Switzerland) until the F3 size. During 
preparation, root canals were irrigated using 
2 ml of 5.25% sodium hypochlorite solution 
for 1 minute. Following preparation, 2 ml 
of a 17% EDTA solution (Aria Dent, Tehran, 
Iran) was applied for 1 minute, followed by 
3 ml 5.25% sodium hypochlorite solution 
and 3 ml distilled water to eliminate resi-
dues of the smear layer. Then, the root ca-
nals were dried with paper points (Diadent, 
Chongiu, Korea).

Root canal filling
The roots were randomly divided into 4 
groups (n 15).

A CB
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The sealers were prepared according to the 
manufacturer’s instructions and were in-
serted into the canals using a Lentulo spiral 
until reaching the working length. Then, 
the obturation was performed using the 
single-cone technique and the gutta-percha 
F3 cones (Maillefer, Ballaiges, Switzerland).
The sealer used in each group was different 
from other groups in composition. Study 
groups were as follows.
Group 1: Gutta-percha without sealer (Con-
trol group)
Group 2: Gutta-percha and Sealapex 
(SybronEndo, Orange, CA, USA)
Group 3: Gutta-percha and MTA Fillapex 
(Angelus, Londrina, PR, Brazil)
Group 4: Gutta-percha and AH26 (Denstply, 
De Trey, Konstanz, Germany) 
After obturation, the samples were kept in 
distilled water until mounting for CBCT 
acquisition.

CBCT acquisition
The teeth were numbered from 1 to 60 and 
were randomly mounted in four putty molds 
along their longitudinal axis. For CBCT 
acquisition, the molds were placed in a 
container with water to simulate soft tissue. 
CBCT images were obtained using NewTom 
Giano extraoral imaging system (Vila Sil-
verstrini, Verona, Italy) with the following 
settings in high-resolution exposure condi-
tions: 0.3 mm voxel size, 90 kVp, 0.6 mA, 
and 10 s exposure time (pulsed). The sam-
ples were placed in the center of the FOV 
(5×8 cm). The images were reconstructed 
and saved using the NNT software. Axial 

images were obtained from the coronal to 
the apical areas of the teeth with slices 
thickness being 0.15 mm.

CBCT image evaluation
CBCT images were displayed on a 19-inch 
screen, colour, 1366x768 pixels resolution 
(Samsung, Seoul, Korea) and were evaluat-
ed by two blinded observers, including a 
maxillofacial radiologist with 10 years’ 
experience and an endodontist with 8 years’ 
experience. Streak or linear artifacts were 
in axial sections detected and were coded 
as follows. Code 1: absence of dark streaks; 
Code 2: slight dark streaks that were not 
obvious; Code 3: pronounced dark streaks 
not extending to the root surface; Code 4: 
dark streaks extending to the root surface 
that resembled a fracture. Finally, the data 
were recorded on a computer and used for 
statistical analysis.
The Chi-square test was used to compare the 
frequency (ratio) of artifacts in the 4 groups. 
The intra-and interobserver degree of agree-
ment in artifact detection was measured 
using the κ agreement coefficient. The sig-
nificance level was considered 5% (p<0.05) 
for all tests, and the statistical analysis was 
performed using SPSS version 20.

Results

The highest frequency of artifacts was ob-
served in relation to Code 2 in the control 
group (13.3%) and sealapex sealer group 
(13.3%), in relation to Code 3 in MTA filla-
pex group (66.7%) and in relation to Code 

Table 1
Frequency distribution of artifact types observed by all groups (n=60)

Code 4Code 3Code 2

5

33.3%

8

53.3%

2

13.3%

Frequency

Percentage
Control

6

40%

7

46.7%

2

13.3%

Frequency

Percentage
Sealapex

4

26.7%

10

66.7%

1

6.7%

Frequency

Percentage
MTA Fillapex

5

33.3%

9

60%

1

6.7%

Frequency

Percentage
AH26
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4 in sealapex sealer (40%). Code 3 was the 
most common artifact in all the groups. Due 
to the presence of artifacts in all groups, 
Code 1 was not included in the analysis.
According to the Chi-square test no statis-
tically significant difference was observed 
in the frequency of different types of arti-
facts in the experimental groups. The in-
traobserver (kappa 0.83 [95% CI 0.82, 0.89]; 
and interobserver agreement (Kappa 0.70 
[95% CI: 0.72, 0.74] respectively, were good.

Discussion

CBCT imaging is the technique indicated 
for VRF diagnosis when 2D images do not 
provide adequate information, especially 
in the root canal-treated teeth (26).
Studies have demonstrated that artifacts 
caused by root fillings materials may reduce 
the accuracy, sensitivity, and specificity of 
CBCT imaging in VRF diagnosis. Thus, an 
attempt to identify CBCT artifacts related 
to different filling materials seems to be 
important for diagnosing root fractures (15). 
The presence of radiopacifiers and other 
chemical substances in the formulation of 
different sealers such as bismuth oxide, 
bismuth subcarbonate, barium sulfate, and 
zinc oxide can lead to differences in den-
sity (26). 
Root canal filling materials, such as gut-
ta-percha cones and sealers, can make ob-
vious streak artifacts that mimic the lines 
of root fracture. Therefore, a definite diag-
nosis of VRF has always been questionable 
due to the artifacts resulted from various 
materials in the root canal, leading to a 
false-positive diagnosis (11).
According to some studies, sealers are the 
main material causing artifacts mimicking 
root fractures in CBCT (15, 26) which is 
contrary to the present study. The present 
study showed that gutta-percha alone or in 
combination with sealers (sealapex, MTA 
fillapex, and AH26) causes obvious streak 
artifacts, which are mostly seen as pro-
nounced dark streaks not extending to the 
root surface in the axial CBCT images (Code 
3). Some studies have shown that root canal 
filling materials do not influence on VRF 
diagnosis (21, 26, 28). For instance, Melo SL 
et al. (21) showed that longitudinal root 

fractures diagnostic ability using CBCT was 
not influenced by the presence of posts or 
gutta-percha. Additionally, Dutra Kl et al. 
(28) showed that the presence of gutta-per-
ca caused a low beam hardening artifact 
which did not hinder the VRF diagnosis. 
Several studies have evaluated influence of 
root fillings on the detection of VRFs using 
CBCT images, although the filling material 
used had been restricted to only gutta-per-
cha (19, 24).
Gutta-percha and metallic posts are fre-
quently used, and they are responsible for 
beam-hardening artifacts because of their 
high density, which reduces the ability to 
diagnose root cracks and fractures, obscur-
ing root canal morphology (29).
Gutta-percha cones created distinct streak-
ing artifacts on CBCT axial slices, which 
are consistent with the present findings (15).
Freitas-e-Silva et al. (26) showed that due 
to the high amount of intra-canal gutta-per-
cha, the use of different sealers does not 
affect on the vertical root fracture diagnosis. 
Gholampour et al. (25) concluded that gut-
ta-percha alone produced more artifacts 
compared with gutta-percha and sealer 
(resin sealers, ceramic sealers, and ZOE-
based sealers). They suggested that the 
higher number of artifacts created by gut-
ta-percha could be due to the higher densi-
ty of gutta-percha compared to the density 
of the gutta-percha and sealer combination.
Using a 0.076 mm voxel size, Brito-Junior 
et al. (15) found no significant difference in 
the frequency of streak artifacts in root 
canals filled with sealers AH26, AH plus, 
and Fillapex. However, the findings of the 
mentioned study in a larger voxel size (0.2 
mm), which was close to the voxel size used 
in the present study (0.3 mm), were not 
compatible with ours. Voxel size of CBCT 
imaging is related to contrast and resolution 
(22). According to Brito-Junior et al. (15), it 
seems that smaller voxel size decreases the 
artifacts, thereby increasing the diagnostic 
accuracy of root fracture detection in root-
filled teeth. Another difference of the 
present study with the study by Brito-Jun-
ior et al. was the larger sample size of the 
present study and different image evalua-
tion methods used in the two studies. Bri-
to-Junior et al. only investigated the absence 
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or presence of the artifacts, while we clas-
sified artifacts into 4 codes, which allowed 
more precise and detailed evaluation and 
subsequent higher accuracy of the potential 
results.
Iikubo et al. (11) investigated the pure effect 
of voxel size and FOV on the artifacts cre-
ated by gutta-percha-filled root canals. They 
evaluated the artifacts on CBCT images 
obtained using two modes: I-mode (FOV: 
102 mm, voxel size: 0.2 mm) and D-mode 
(FOV: 51 mm, voxel size: 0.1 mm). The arti-
facts were more common in I-mode, which 
had a larger voxel size and FOV. Therefore, 
it was shown that a smaller voxel size and 
FOV could decrease artifacts in CBCT im-
ages. However, the present study used a 
fixed FOV and voxel size while it investi-
gated three types of sealers. Obviously, 
lower FOV and voxel size increase the image 
resolution by decreasing the radiation scat-
tering (4).
However, smaller size voxels can increase 
background noises, reducing the quality of 
CBCT images (20). Also, root canal filling 
removal before imaging can increase the 
diagnostic accuracy of CBCT (30).
According to Celikten et al. (3), the CBCT 
device and associated software play an 
important role in streak artifact reduction. 
They evaluated the artifacts resulted from 
the three different sealers using different 
brands of CBCT devices and found that the 
NewTom VGi EVO and Accuitomo 170 de-
vices seemed to perform equally and signif-
icantly better than the other machines 
tested. However, the present study used the 
same CBCT device to evaluate the artifacts 
from three sealer types. Also, Rabelo et al. 
(31) investigated different parameters relat-
ed to exposure and reported that different 
exposure conditions did not affect the fre-
quency of artifacts.
Neves et al. (6) investigated the effects of 
four different modes in the Accuitomo 170 
CBCT device on the artifacts and the accu-
racy of VRF detection in unfilled teeth and 
teeth root-filled with gutta-percha, metal 
posts, and fiber posts. They reported that 
CBCT modes had no effects on the VRF 
diagnosis, while gutta-percha and metal 
posts had adversely affected the VRF diag-
nosis. Our study used a fixed, high-resolu-

tion mode; however, our findings on the 
ability of gutta-percha in causing artifacts 
were compatible with those of Neves et al. 
because we found artifacts even in the 
control group, which contained gutta-per-
cha without sealer.
Despite all these studies, little information 
is available on detecting the streak artifacts 
resulted from sealers. Such information can 
be helpful in decreasing the potential risk 
of false-positive detection of VRF. Therefore, 
it is recommended to conduct further stud-
ies with larger sample sizes and different 
voxel sizes.
 
Conclusions

In the present study, we found no signifi-
cant difference between the Sealapex, MTA 
Fillapex, AH26, and control groups in the 
frequency of streak artifacts in CBCT im-
ages.
 
Clinical Relevance

The result of this study showed that endo-
dontic sealers do not influence the detection 
of VRFs.
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ABSTRACT

Aim: To compare the efficacy of depotphoresis and diode laser (DL) for reduction of micro-
bial load and postoperative pain, and healing of periapical lesions in teeth with necrotic 
pulp. 
Methods: Ninety patients (98 roots) with pulp necrosis and chronic periapical lesions were 
randomized into three groups (n=30) of depotphoresis, diode laser, and control. Bacterial 
samples were collected from all roots at each treatment phase (S1: immediately after access 
cavity preparation, S2: immediately after cleaning and shaping, S3: one week after intra-
canal medicament). Analysis of bacterial reduction was performed using “Colony Forming 
Unit Counting” method. Level of pain was measured before and at 6, 12, 24, 48 and 72 
hours after treatment using a visual analog scale (VAS). Cone-beam computed tomography 
(CBCT) images were obtained before and 6 months after treatment to assess the healing 
of periapical lesions based on their apicocoronal, mesiodistal and buccolingual diameter. 
Kruskal-Wallis and The Mann-Whitney test was used to determine the colony forming units 
and Compare the level of pain at different times between the groups of study, whilst the 
Univariate analyses using the chi-square or Fisher exact test were used to show the corre-
lation of the outcomes with variables to identify the potential predisposing factors (P<0.05). 
Results: At S1, no significant difference was noted among the three groups in microbial 
load. At S2 and S3, there was a statistically significant lower bacterial count in DL (P=0.041) 
and depotphoresis group (P=0.001) respectively, compared to other groups. All patients 
had mild pain at all time points post-treatment. Also the size of the preoperative periapical 
lesions had no significant effect on the outcome of endodontic treatment (p>0.05).
Conclusions: Root canal disinfection by depotphoresis and diode laser significantly decreased 
the microbial load as well as the post-endodontic pain and resulted in complete healing of 
some lesions in a short time.
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Introduction

T
he main goal of endodontic 
treatment in teeth with necrot-
ic pulp and chronic periapical 
lesions is to create a germ-free 
environment in the root canal 

system, and the adjacent periodontal tis-
sue. 
Endodontists generally have two main 
goals in root canal treatment. The short-
term goal is to prevent/control pain, and 
the long-term goal is to achieve clinical 
and radiographic healing. To achieve this 
goal, the microbial load in the root canal 
system should be minimized (1). There are 
two main obstacles against achieving this 
goal namely the complex root canal anat-
omy and the unique properties of the 
bacterial flora in the root canal system. The 
microorganisms in the root canal system 
are inaccessible in some cases despite the 
use of advanced endodontic instruments 
(2). The residual bacteria in the root canal 
system can proliferate between the treat-
ment sessions and reach their baseline 
preoperative count (3). 
The treatment success has several criteria 
such as resolution of symptoms, periapical 
healing on radiographs, or histological 
evidence of healing. A number of factors 
affect the success of endodontic treatment 
such as the severity of condition, the in-
strumentation technique, and the technol-
ogy used for treatment (4)
In the recent years, use of laser in endo-
dontics has gained increasing popularity, 
yielding acceptable results as an adjunct 
for disinfection of the root canal system 
and reduction of bacterial load (5, 6). Sev-
eral studies have confirmed the optimal 
efficacy of laser therapy for reduction of 
post-endodontic pain as well (7, 8). 
Depotphoresis is another method of root 
canal treatment in which, the root canal 
is filled with Cupral (a copper-calcium-hy-
droxide based compound) and the electric 
current is guided into the root canal system 
with a fine probe. This technique dissolves 
the contents of the root canal by alkaline 
proteolysis, eliminates the oligopeptides 
formed in the root canal system, causes 
proteolysis, and eliminates the acidic bio-

logical remnants in the periapical region. 
Cupral penetrates into the dentinal tubules 
and disinfects them, and induces osteo-
genesis in the periapical region (9). Addi-
tion of copper ions to calcium hydroxide 
plays an important role in the process of 
tissue regeneration, and also exerts anti-in-
flammatory and disinfecting effects (10). 
Moreover, the electrically activated copper 
ions used in combination with calcium 
hydroxide exert significantly faster anti-
bacterial effects in dentinal tubules com-
pared with pure calcium hydroxide 
without electrical activation (11). However, 
it should be noted that studies on this 
topic are limited (9).
Cone-beam computed tomographic (CBCT) 
imaging is often used for diagnosis and 
treatment planning in endodontics. Also, 
CBCT enables the measurement of peria-
pical lesions in three orthogonal planes 
(12). Moreover, evidence shows the supe-
riority of CBCT for monitoring of the 
healing course of periapical lesions com-
pared with periapical radiography (13). 
The novel root canal disinfection tech-
niques, such as DL and depotphoresis, have 
improved the outcome of endodontic 
treatment.
Yalgi et al. (9) found that depotphoresis is 
effective in reducing postoperative pain 
and in the treatment of chronic apical 
periodontitis. 
Some authors (14, 15) proposed that DL 
may be a successful adjunct to endodontic 
treatment of necrotic cases with chronic 
periapical lesions in terms of postoperative 
pain and root canal disinfection.
This study aimed to compare the effects 
of depotphoresis and DL on microbial 
count, postoperative pain, and healing of 
periapical lesions after 6 months by using 
CBCT. 

Materials and Methods

The study population comprise of 90 pa-
tients presenting to the Endodontics De-
partment of School of Dentistry, Zahedan 
University of Medical Sciences who re-
quired endodontic treatment of teeth with 
pulp necrosis associated with chronic 
apical periodontitis. The patients were 
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between 18 to 60 years, and the diagnosis 
of pulp necrosis with chronic apical per-
iodontitis was confirmed by radiographic 
examination and negative response to cold 
test and electric pulp test, and no bleeding 
when exposing the pulp.
The protocol of this prospective, three-
arm, parallel-group, single-blind, sin-
gle-center, randomized clinical trial and 
the informed consent form were approved 
by the Research Ethics Committee of Za-
hedan University of Medical Science (IR.
ZAUMS.REC.1397.278).
The study protocol was registered at 
https://en.irct.ir/trial/3284 (Iranian Regis-
try of Clinical Trials identification number 
IRCT20180718040517N1).
This study was conducted and reported 
in accordance with the consolidated stan-
dards of reporting trials (CONSORT) (19). 
All enrolled patients signed informed 
consent forms after the nature of the study, 
its objectives, procedures, benefits and 
potential risks were explained to them.

Sample size calculation
A pilot study was designed to determine 
the size of the study population. Data 
obtained from the pilot study indicated 
that the sample size for each group should 
be a minimum of 25. Considering the 
possibility of dropouts, 30 patients were 
allocated to each group (a total of 90) as-
suming the effect size of 0.82, power of 
80%, and 0.05 level of significance. The 
patients were enrolled from the outpatient 
clinic of the Department of Endodontics, 
Faculty of Dentistry between December 
2018 and June 2020. One postgraduate 
student of endodontics performed the 
procedures.  

Inclusion and exclusion criteria
The patients were between 18 to 60 years, 
and the diagnosis of pulp necrosis was 
confirmed by negative response to cold 
test and electric pulp test, and no bleeding 
when exposing the pulp. Diabetic patients, 
immunocompromised patients, pregnant 
women, and those with a history of anal-
gesic intake in the past 3 days or antibiot-
ic intake in the past month were excluded. 
Teeth with periodontal disease, or previ-

ous access cavity and those that could not 
be isolated by rubber dam were excluded 
as well.

Randomization, allocation concealment 
and masking of examiners
The patients were allocated to the three 
study arms with simple randomization. 
Randomization was performed online 
(endo.dent.zaums.ac.ir) right before the 
treatment onset. After recording the pa-
tients’ demographics, eligible patients were 
automatically randomized into the three 
study groups of depotphoresis, diode laser, 
and control by using a computergenerated 
system. All the allocated patients received 
a unique patient identification code before 
starting the treatment. In the event of 
withdrawal from the study, the randomi-
zation code was not reused. Patient 
blinding was implemented. In Control 
group, in 15 patients, the  fiber optic was 
placed inside the root canals without ac-
tivation and and in 15 other patients,  red 
clip of depotphoresis was placed on the 
patient’s cheek and blue clip was places 
above the tooth’s root canal without any 
current.
In the DL group, without any current, Red 
and blue clips, were placed inside the 
patient’s mouth, as mentioned earlier. All 
patients and the operator wore protective 
glasses during all stages of the operation 
in all groups.
In the depotphoresis group, a mock ap-
plication of laser was made with the 
power off. 

Interventions
In the first session, the level of pain of 
patients was recorded before treatment 
using a visual analog scale (VAS). After 
dental flossing and dental plaque removal 
by pumice paste, rubber dam isolation was 
performed, and the tooth and the treat-
ment area were disinfected with 30% 
H2O2 (v/v) for 30 s followed by 2.5% 
NaOCl. The access cavity was prepared 
with sterile high-speed bur (Tizcavan, 
Tehran, Iran) without water spray. After 
completion of access cavity preparation 
and caries removal (prior to exposure of 
the pulp chamber), the tooth, the clamp, 

https://en.irct.ir/trial/3284
http://
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and the rubber dam were disinfected again 
with 2.5% NaOCl; 5% sodium thiosulfate 
was then used to neutralize sodium hy-
pochlorite. Dental pulp was then exposed. 
Next, three sterile paper points were 
placed in the canal for 1 min to collect the 
first microbial sample (prior to root canal 
preparation). The collected sample (S1) was 
transferred into a tube containing HBI 
buffer and frozen at -20 °C. 
A sterile #15H-file (Dentsply/Maillefer, 
Ballaigues, Switzerland) was then intro-
duced into the canal, and the working 
length was determined by an apex locator 
(ROOT ZX; J. Morita, Tokyo, Japan) and 
confirmed radiographically. The narrow 
root canals were prepared with 25/8% 
Reciproc file (VDW, Munich, Germany) 
while the wide canals were prepared with 
40/6% Reciproc file along with Reciproc 
Silver electric motor. Also, 2.5% NaOCl 
and 17% EDTA (Aria Dent, Tehran, Iran) 
were used for root canal irrigation. After 
chemomechanical preparation of the root 
canals, sterile saline was injected into the 
canals by a 27-gauge needle to a level below 
the orifice. Next, #30 Hedstrom file (Dent-
sply, Maillefer, Ballaigues, Switzerland) 
was used for filing and agitation of the 
canal content. This was done to enhance 
the release of dentin chips into the saline. 
Subsequently, three sterile paper points 
were introduced into the canal one by one 
and remained there for 60 s to collect the 
second sample (S2). Under aseptic condi-
tions, the collected sample was transferred 
into a tube containing HBI buffer by a 
sterile hemostat and frozen at -20 °C. It was 
transferred to the lab on the same day.
Depotphoresis (Humamchemic GmbH, 
Alfeld, Germany) group: Cupral paste was 
prepared according to the manufacturer’s 
instructions (to prepare Cupral solution, 
1 unit of Cupral was mixed with 9 units 
of calcium hydroxide) and delivered into 
the coronal third of the canal by a Lentu-
lo spiral. The positive electrode was con-
nected to the patient’s buccal mucosa by a 
clamp. The negative electrode was placed 
in the pulp chamber and the electric cur-
rent was initiated and gradually increased 
(the current suggested by the manufactur-
er is 0.8-1.5 mA/5 min). The tooth was 

temporarily restored with Cavit (Golchay, 
Tehran, Iran) while calcium hydroxide 
Cupral remained in the canal as medica-
ment. 

Laser group
After root canal preparation, it was rinsed 
with saline and cleaned with paper points. 
Next, 940 nm diode laser (EPIC X, BIO-
LASE, Irvine, CA, USA) hand-piece with 
200 µm tip diameter (EZTIP400&300) was 
introduced into the canal to 1 mm from 
the apex and was then pulled back with a 
circular motion at a speed of 2 mm/s to-
wards the orifice. After 20 s of laser irra-
diation in pulse-mode, dental substrate 
was allowed to rest for 10 s. Laser irradia-
tion was repeated 3 times. The laser pa-
rameters included λ=940 nm and 2 W 
power. The second samples were then 
collected (S2). The root canals were filled 
with a mixture of calcium hydroxide and 
saline, delivered into the canal by a Len-
tulo spiral (Dentsply Maillefer) as medic-
ament, and temporarily restored with 
Cavit (Golchay, Tehran, Iran) between the 
treatment sessions. 

Control group
After root canal disinfection and instru-
mentation, a mixture of calcium hydroxide 
and saline was delivered into the canal by 
a Lentulo spinal as medicament and tem-
porarily restored with Cavit (Golchay, 
Tehran, Iran) between the treatment ses-
sions.

Post-endodontic pain assessment
After completion of the first treatment 
session, the patients received a VAS form 
(graded from 0 to 10). They were instruct-
ed on how to fill out the VAS form and 
were requested to express their level of 
pain by selecting the score that best de-
scribed their pain severity at 6, 12, 24, 48 
and 72 h, post-treatment. A recall visit was 
also scheduled for them 7 days after treat-
ment. Independent examiners who were 
blinded to the group allocation of patients 
evaluated the VAS forms. 

Second treatment session
After removing the intracanal medica-
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ments (calcium Cupral in depotphoresis 
group and calcium hydroxide in laser and 
control groups), the third sampling (S3) 
was performed as explained earlier. The 
teeth were then obturated and filled with 
composite resin. All endodontic treatments 
were performed by a post-graduate student 
of endodontics within 8 months.

Microbial analysis
The microbiological assessment was con-
ducted by the “Colony Forming Unit 
Counting” method. Samples were trans-
ported to the laboratory within two hours 
after collection for microbiologic assess-
ment. Samples in RTF vials were mixed 
well with a vortex for 30 seconds to facil-
itated bacterial dispersion. 10-fold serial 
dilutions were made in Phosphate Buffer 
Saline (PBS) solution. 10 ml of the sample 
was transferred to a sterile tube. 10 tubes 
containing 9 ml sterile saline were placed 
in a tube holder. An aliquot of 1 ml from 
the original sample was then transferred 
into the first tube containing 9ml of sterile 
saline. This process was repeated for each 

of the remaining 9 tubes. At the end of the 
10-fold dilutions, 10 tubes covering the 
dilution range of 1:10-1 through to 1:10-10 

had been made. For each tube, 1ml of the 
diluted sample was transferred to BHI agar 
plates and cultured under aseptic condi-
tions. The plates were incubated at 37° C 
for 24 hours for the bacteria to grow. The 
number of bacterial colonies in each plate 
was visually quantified and reported as 
colony forming units per milliliter (CFU/
ml). The number of bacteria (CFU) per 
milliliter of sample was calculated by di-
viding the number of colonies by the di-
lution factor. At last the outer numbers 
were thrown out and mean of the rest of 
numbers were calculated.

Radiographic technique
The healing of periapical lesions was eval-
uated on CBCT scans. Prior to the treat-
ment onset, the respective tooth underwent 
CBCT. All primary and follow-up CBCT 
scans were performed by Acteon CBCT 
scanner (Acteon Group, Norwich, United 
Kingdom). All CBCT scans were obtained 

Figure 1
A, B Measurement of the 

preoperative diameter of the 
lesion and C, D diameter of 
the lesion after 6 months.

A B

C D



80

DL, depotphoresis and endodontic outcome

Giornale Italiano di Endodonzia (2021) 35

with 40 mm3 field of view and 0.2 µm vox-
el size with the exposure settings of 8 mA, 
85 kVp and 10 s exposure time. All CBCT 
images were analyzed using OnDemand 
3D software (CyberMed, Seoul, Republic 
of Korea). 

Radiographic assessment
The following parameters were evaluated.
Diameter of lesions: the maximum diame-
ter of periapical lesions was measured in 
three directions of apicocoronal (Ly), me-
siodistal (Lx) and buccolingual (Lz) paral-
lel to the standard axis according to Kim 
et al  (16) (Figure 1) If the lesion did not 
have a bony margin (for example, if the 
cortical plate or sinus wall had been per-

forated), the examiner would be asked to 
estimate the size of the lesion based on the 
visible bone margin at each side of the 
bone defect. The radiographic findings 
were analyzed according to Patel et al. (17) 
with some differences. Since the present 
study focused on root canal treatment of 
the teeth with chronic apical periodontitis, 
the codes 1 and 6 from the study by Patel 
et al. (17) were not applicable to our study. 
The CBCT images were evaluated by two 
endodontists, and in case of disagreement, 
a third endodontist was asked to cast the 
final judgment. 

Statistical analysis
Data were analyzed with SPSS 23.0 (SPSS 

Figure 2
Consort flowchart  

of the study. 
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Inc., Chicago, IL, USA). Bacterial colony 
forming unit and the comparison of pain 
scores between the three groups at each 
time interval were analyzed using the 
Kruskal-Wallis and Mann-Whitney U tests. 
Univariate analyses using the chi-square 
or Fisher exact test were performed to 
show the correlation of outcomes with 
variables to identify the potential predis-
posing factors. Multivariate analysis using 
a logistic regression model was performed 
with associated variables. P<0.05 was 
considered statistically significant.

Results 

Of 90 patients, 71 (78%) were females and 
19 (21%) were males. The mean age of 
patients was 34 years (range 18 to 60 years). 
A total of 90 teeth (98 roots) including 
anterior and posterior maxillary and man-
dibular teeth were evaluated; 67 patients 
(74 roots) showed up for the follow-up. 
Consort flowchart Shown in Figure 2.

Colony count
Table 1 reveals bacterial colony count 
before (S1) and after root canal prepara-
tion (S2) and One week after intra canal 
medicament (S3) observed in all groups. 
All groups presented effective bacterial 
reduction.
The results of the bacterial count of the 
DL group and Depotphoresis group 
showed statistically significant reduction 
in the bacterial count at S2 (p=.041) and 
S3 (p=.001) compared to other groups 
respectively.

Severity of pain
Figure 3 shows the severity of pain in the 
three groups. The mean pain score re-
vealed statistically significant lower pain 
levels in the Dephotphoresis group com-
pared with the control group at 6, 12, 24 
and at 48 hours (P=0.02, P=0.007, P=0.001 
and P=0.004 respectively), but had no 
significant difference with the values in 
the laser group (P>0.05). Also preopera-

Table 1 
Bacterial count in 98 root canals with chronic apical periodontitis immediately after access cavity preparation (S1), after 

chemo-mechanical preparation (S2) and at one week after intracanal medicament (S3)

Group immediately after access 
cavity preparation (S1) 

 immediately after cleaning 
and shaping (S2)

 one week after intra 
canal medicament (S3)

P value

Mean Std. deviation Mean Std. deviation Mean Std. deviation

Laser group 6080000±14150000 4323±2569 3075±2870 .000

Depotphoresis group 3070000±6602844 9370±33450 801±1089 .000

Control group 5770000±13610000 18400±22895 9998.6±15414 .000

P value* .565 .041 .001

Table 2 
Frequency distribution of patients who showed up for the follow-up

Depotphoresis Laser Control

Count % Count % Count %

Gender Male 10 38.46 6 24.00 1 6.25

Female 16 61.54 19 76.00 15 93.75

Number of lesions  27  29  17

Involved Jaw Maxilla 9 34.62 11 44.00 5 31.25

Mandible 17 65.38 14 56.00 11 68.75

Age 25.62±11.36 32.44±13.44 26.29±12.45
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tively there was no statistical significance 
difference between the evaluated groups 
(P=0.564).

Clinical and radiographic assessments at 
6 months after treatment
Sixty-seven patients (74 roots) showed up 
for the follow-up session (recall rate=74%, 
Table 2). All endodontically treated teeth 
were asymptomatic and functional at the 
follow-up session. Coronal restorations 
were intact. The follow-up CBCT scans 
showed that all apical lesions experienced 
a reduction in size (were in the course of 
healing) or had completely healed. Thus, 
only codes 4 and 5 were used in this study. 
Table 3 shows the frequency of complete-
ly healed or healing lesions with ≤5 mm 
diameter and >5 mm diameter in apico-
coronal, mesiodistal, and buccolingual 
directions in the three groups. 
The current results revealed no significant 
difference in healing status of the lesions
with mesiodistal and buccolingual diam-
eter ≤5 mm and >5 mm  in depotphoresis 
group (P>0.05). However, this difference 
was significant between lesions with api-
cocoronal diameter ≤5 mm and >5 mm 
(P=0.037) such that 33.33% of such lesions 
had completely healed. No significant 
difference was noted in healing status of 
the lesions with diameter ≤5 mm and >5 
mm in the laser group (P>0.05). Also, none 
of the lesions in the control group showed 

complete healing. Table 4 compares the 
abovementioned parameters among the 
three groups. Except in depotphoresis 
group that the success rate was higher in 
the cases with lesions ≤5 mm in apicocor-
onal diameter (P=0.042), there was no 
positive correlation between the outcome 
of the therapy and the size of the periapical 
lesions diameters in all groups (p>0.05). 

Discussion 

In this study, the antibacterial results 
showed statistically significant lower 
bacterial count in the S2 samples of DL 
group and in the S3 samples of depotpho-
resis group than the other groups respec-
tively.
The results of this study showed that the 
Depotphoresis group had statistically 
significant lower pain levels than the 
control group at all tested time intervals 
(6, 12, 24, 48 and 72 hours). There were no 
significant differences between DL group 
and Depotphoresis group.
The success rate was higher in the cases 
with lesions ≤5 mm in diameter in Depot-
phoresis group at Apicocoronal directions; 
however, there was no statistically signif-
icant difference between the three groups 
in the Buccolingual and mesiodistal di-
rections.
As mentioned earlier, statistically signifi-
cant reduction in the bacterial count was 

Figure 3
Mean pain score in the three 

groups at different time 
points.
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noted in all three groups after root canal 
preparation and disinfection (S2), which 
can be related to the effect of chemome-
chanical preparation of the root canal 
system and the disinfecting property of the 
interventions. 
Microbiologists believe that diode laser 
irradiation results in permanent degrada-
tion of the cell membrane and changes the 
cell wall due to the direct effect of heat on 
the bacteria (14). Clinical use of different 
types of diode laser with near-infrared 
wavelength for disinfection of the root canal 
system has been well documented (18). These 
lasers penetrate deep (by up to 1000 µm) 
into dentin (19). Despite the attenuation of 
laser light when passing through the enam-
el prisms and dentinal tubules, it preserves 
its bactericidal effects (20). 
In the present study, the reduction in bac-
terial count in the laser and depotphoresis 
groups was significantly greater than that 
in the control group at 1 week after treat-
ment (S3). In the Depotphoresis group, 

Calcium hydroxide Cupral and in the DL 
group, Calcium hydroxide were used as 
intracanal medicament. The results of 
previous studies regarding the efficacy of 
calcium hydroxide as intracanal medic-
ament are controversial (21, 22).
Some studies have confirmed its efficacy 
while some others have questioned it (23, 
24). Due to the low solubility of calcium 
hydroxide and its low penetration depth 
into dentinal tubules, its long-term appli-
cation is required for disinfection of 
dentinal tubules and reduction of inflam-
matory root resorption; which can de-
crease the fracture resistance of dentin 
and increase the risk of root fracture (11). 
Considering the drawbacks of calcium 
hydroxide, attempts are ongoing to im-
prove its antibacterial properties. Evi-
dence shows that use of silver or copper 
in combination with calcium hydroxide 
improves its antibacterial properties (25). 
Calcium hydroxide Cupral is used in de-
potphoresis (11). A previous study revealed 

Table 3 
Frequency distribution of patients based on preoperative and outcome variables

Categories Variables 
 Healing Healed

P value
Count % Count %

Depotphoresis

Mesiodistal lesion 
diameter (Lx)

size>5 mm 13 76.47 4 23.53 .136
size>5 mm 10 100

Buccolingual lesion 
diameter (Ly)

size≤5 mm 13 86.67 2 13.33 .299
size>5 mm 12 100

Apicocoronal 
diameter (Lz)

size≤5 mm 10 66.67 5 33.33 .037
size>5 mm 12 100

Laser

Mesiodistal lesion 
diameter (Lx)

size≤5 mm 12 100 .335
size>5 mm 15 88.24 2 11.76

Apicocoronal lesion 
diameter (Ly)

size≤5 mm 7 100 .331
size>5 mm 20 90.91 2 9.09

Buccolingual lesion 
diameter (Lz)

size≤5 mm 12 100 .569
size>5 mm 15 88.24 2 11.76

Control

Mesiodistal lesion 
diameter (Lx)

size≤5 mm 6 100
size>5 mm 11 100

Apicocoronal lesion 
diameter (Ly)

size≤5 mm 2 100
size>5 mm 15 100

Buccolingual lesion 
diameter (Lz)

size≤5 mm 4 100
size>5 mm 13 100

 
P value=comparison of frequency of healed and healing lesions within each treatment group. 
P value*=comparison of the frequency of healing status.
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Table 4 
Comparison of the frequency of healing and completely healed lesions with ≤5 and >5 mm initial  

diameter in the study groups

≤5 mm >5 mm

Depotphoresis Laser Control Depotphoresis Laser Control

Mesiodistal 
lesion  

diameter (Lx)

Healing 
Count 13 12 6 10 15 11

% 76.47 100 100 100 88.24 100

Healed 
Count 4    2  

% 23.53    11.76  

P value - - - - .001 -

P value* 0.271 0.277

Buccolingual 
lesion  

diameter (Lz)

Healing 
Count

% 

13 7 2 12 20 15

86.67 100 100 100 90.91 100

Healed 
Count

% 

2 2

13.33 9.09

P value - - - .001 -

P value* 0.52 0.278

Apicocoronal 
lesion  

diameter (Ly)

Healing 
Count

% 

10 12 4 12 15 13

66.67 100 100 100 88.24 100

Healed 
Count

% 

5 2

33.33 11.76

P value - - - .001 -

P value* 0.042 0.214
P value=comparison of frequency of healed and healing lesions within each study group. 
P value*=comparison of the frequency of healing status.

that electrical stimulation of copper ap-
plied in combination with calcium hy-
droxide resulted in significantly higher 
antibacterial activity than the use of pure 
calcium hydroxide without electric stim-
ulation (26). Knappvost et al. (26) reported 
similar results by addition of copper to 
calcium hydroxide and its electrical stim-
ulation. They showed that calcium hy-
droxide/copper was 100 times more bac-
tericidal than calcium hydroxide alone, 
and its efficacy did not decrease over time. 
These results are in accordance with our 
findings.
Another objective of the present study was 
to assess the level of pain in the three 
groups. The results showed a reduction in 
pain severity in all three groups after 
treatment. The most common factors re-

lated to post-endodontic pain include 
presence of microorganisms in the root 
canal system, and procedural errors such 
as over-instrumentation or inadequate 
cleaning, shaping or disinfection of the 
root canal. Nonetheless, a high number of 
patients experience post-endodontic pain 
without the aforementioned errors (27). 
Evidence shows that diode laser can effec-
tively decrease post-endodontic pain (8, 
27, 28). Diode laser exerts its anti-inflam-
matory effect by reduction of prostaglandin 
E2, bradykinin, histamine, acetyl choline, 
serotonin, and substance P, and decreases 
the chronic pain as such (29).
Chow et al. (29) in a systematic review 
suggested that laser light (energy density 
>300 mW/cm2) absorbed by nociceptors 
can inhibit the pain signal transmission 
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through the A-delta and C fibers. Thus, it 
can decrease the speed of conduction and 
the action potential threshold of neurons 
and suppress neurogenic inflammation as 
such (29). In the present study, root canal 
irradiation was performed with laser in 
pulse mode to minimize the risk of ther-
mal damage to the external root surface, 
which was effective for reduction of 
post-endodontic pain.
Yalgi et al. (9) used depotphoresis for endo-
dontic treatment of necrotic teeth with 
chronic apical periodontitis in 30 patients. 
Twenty patients who had symptomatic pain 
at baseline had no pain after 3 days. How-
ever, studies on depotphoresis are limited. 
Another objective of the present study was 
to compare the healing rate of periapical 
lesions among the study groups. A total of 
67 patients (74.4%) showed up for the 
follow-up session. Although higher recall 
rate is ideal, 75% is also acceptable. There 
was no case of treatment failure in the 
follow-up session; however, the frequency 
of healing lesions was significantly higher 
than that of healed lesions, which may be 
due to the short duration of follow-up (6 
months). 
In this study, each root was considered as 
one unit although Friedman (30) et al. 
stated that this method would result in 
over-estimation of the success rate, some 
others were against this statement (16, 31). 
Some studies  found no positive correlation 
between the size of periapical lesions and 
the treatment outcome. (32, 33). Nonethe-
less, size of lesion had a significant effect 
on treatment success in some other studies. 
(31, 34, 35).
The negative effect of larger lesions on 
treatment success is due to the higher 
diversity of microorganisms and their 
association with longstanding infections 
because the bacteria in such lesions have 
greater penetration into the dentinal tu-
bules. Moreover, these lesions may be as-
sociated with cystic transformation. (36) 
On the other hand, larger lesions in some 
patients have a slower response to ecolog-
ical changes caused by the treatment 
protocol (37). 
Evidence shows many cases of complete 
healing in presence of viable bacteria in 

the root canal at the time of obturation 
because the residual bacteria may be elim-
inated due to the toxicity of root filling 
materials, inaccessibility/unavailability 
of nutrients, or impairment of bacterial 
ecology. Alternatively, the residual bacte-
ria may not have adequate quantity or 
virulence to continue the periradicular 
inflammation or may not have access to 
the periradicular tissues (38).

Conclusions

Both depotphoresis and DL groups, showed 
satisfactory bactericidal effects in cases of 
necrotic teeth with periapical lesions. 
Depotphoresis and intracanal diode laser 
irradiation have the ability to decrease the 
postoperative pain experienced after root 
canal treatment. Also the size of the pre-
operative periapical lesions had no signif-
icant effect on the outcome of endodontic 
treatment. 
 
Clinical Relevance

DL and depotphoresis are effective in re-
ducing intracanal bacteria count and 
postoperative pain after endodontic treat-
ment in necrotic teeth with chronic apical 
lesions.
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C arissimi Soci e Amici, 
finalmente nuove prospettive si stanno delineando nel nostro 
orizzonte. 

Il Paese Italia sta ripartendo con rinnovato slancio e nuovi propositi, 
noi di SIE, che in questo anno complicato abbiamo lavorato alacre-
mente, siamo pronti a sostenere con le nostre iniziative questa ri-
partenza. 
Le nuove norme ministeriali, abbinate a una campagna vaccinale 
capillare e all’introduzione del green pass lasciano ben sperare a una 
chiusura di anno più ottimistica.
In questi ultimi mesi i nostri sforzi saranno focalizzati sull’evento 
per noi più importante: il 37° Congresso Nazionale che finalmente si 
svolgerà in presenza al Palazzo della Cultura e dei Congressi di Bo-
logna dal 12 al 13 novembre p.v.
Questo importante appuntamento scientifico per noi non rappresenta 
solo un momento di formazione e aggregazione, che comunque man-
ca da mesi, ma sancirà la svolta tanto attesa.
In questa fase post acuta della pandemia da Covid-19 è necessario 
ridefinire nuovi standard per poter ripartire in una modalità che 
fino a un anno fa era impensabile. In questo scenario di profondi 
mutamenti oggi abbiamo un’opportunità unica, mai avuta nel nostro 
passato, che ritengo di vitale importanza cogliere: oggi abbiamo la 
possibilità di ripartire ridisegnando un nuovo futuro della Società 
per darle una rinnovata identità che meglio si adatti alle nuove sfide 
che ci attenderanno.
Per raggiungere questo ambizioso traguardo dobbiamo mettere in 
campo “armi” quali il coraggio, la consapevolezza e l’azione. 
Io come Presidente, sostenuto e aiutato da tutto il Consiglio Direttivo 
SIE, che ringrazio, mi sto prodigando perché questo cambiamento 
sia un momento tangibile della nostra storia, a voi Soci però spetta 
esserci per sostenerci in questo delicato quanto stimolante passaggio!

Vi aspetto a Bologna!
Un caro saluto Dott. Roberto Fornara 

Presidente SIE 
Società Italiana di Endodonzia

Lettera DEL PRESIDENTE
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28013 Gattico NO 
tel. 0331-735276
cell. 338-7075126
davidefabio.castro@gmail.com

Alessandra D’Agostino
Via Bellini, 5 
03043 Cassino FR
tel. 0776-312378 
cell. 328-3071792
alessandradagostino74@gmail.com

Alfio Pappalardo
Via Canfora, 50 
95128 Catania CT
tel. 095-442934 
cell. 347-0091510 
alfiopappalardo@tiscali.it



90

Available online at www.giornaleitalianoendodonzia.it

Giornale Italiano di Endodonzia (2021) 35

SOCI ONORARI
Bresciano Dott. Bartolo
Cavalleri Prof. Giacomo
Pecora Prof. Gabriele
Perrini Dott. Nicola
Vignoletti Dott. Gianfranco
 
SOCI ATTIVI 
Agresti Dott. Daniele
Altamura Dott. Carlo
Amato Prof. Massimo
Ambu Dott. Emanuele
Amoroso D’Aragona Dott.ssa Eva
Ascione Dott.ssa Maria Rosaria
Autieri Dott. Giorgio
Badino Dott. Mario
Barattolo Dott. Raniero
Barboni Dott.ssa Maria Giovanna
Beccio Dott. Roberto
Bertani Dott. Pio
Berutti Prof. Elio
Bonaccorso Dott. Antonino Maria
Bonacossa Dott. Lorenzo
Bonelli Bassano Dott. Marco
Borrelli Dott. Marino
Boschi Dott. Maurizio
Bottacchiari Dott. Renato Stefano
Botticelli Dott. Claudio
Brenna Dott. Franco
Bugea Dott. Calogero
Cabiddu Dott. Mauro
Calapaj Dott. Massimo
Calderoli Dott. Stefano
Campo Dott.ssa Simonetta
Cantatore Prof. Giuseppe
Capelli Dott. Matteo
Cardinali Dott. Filippo
Cardosi Carrara Dott. Fabrizio
Carmignani Dott. Enrico
Carratù Dott.ssa Paola
Carrieri Dott. Giuseppe
Cascone Dott. Andrea
Cassai Dott. Enrico
Castellucci Dott. Arnaldo
Castorani Dott. Giuseppe
Castro Dott. Davide Fabio
Cavalli Dott. Giovanni
Cecchinato Dott. Luigi
Cerutti Prof. Antonio
Cinelli Dott. Marco
Ciunci Dott. Renato Pasquale
Colla Dott. Marco
Conconi Dott. Marcello
Coraini Dott. Cristian
Cortellazzi Dott. Gianluca
Cotti Prof.ssa Elisabetta
Cozzani Dott.ssa Marina
D’Agostino Dott.ssa Alessandra
D’alessandro Dott. Alfonso 
Daniele Dott. Lucio
Del Mastro Dott. Giulio
Dettori Prof.ssa Claudia
Di Giuseppe Dott. Italo
Donati Dott. Paolo
Dorigato Dott.ssa Alessandra
Fabbri Dott. Massimiliano
Fabiani Dott. Cristiano
Faitelli Dott.ssa Emanuela

Fassi Dott. Angelo
Favatà Dott. Pasquale Massimo
Fermani Dott. Giorgio
Ferraioli Dott. Gennaro
Ferrari Dott. Paolo
Ferrini Dott. Francesco
Forestali Dott. Marco
Fornara Dott. Roberto
Fortunato Prof. Leonzio
Franchi Dott.ssa Irene
Fumei Dott. Gianluca
Fuschino Dott. Ciro
Gaffuri Dott. Stefano
Gagliani Prof. Massimo
Gallo Dott. Roberto
Gallottini Prof. Livio
Gambarini Prof. Gianluca
Generali Dott. Paolo
Gesi Dott. Andrea
Giacomelli Dott.ssa Grazia
Giovarruscio Dott. Massimo
Gnoli Dott.ssa Rita
Gorni Dott. Fabio
Greco Dott.ssa Katia
Gullà Dott. Renato
Hazini Dott. Abdol Hamid
Iacono Dott. Francesco
Iandolo Dott. Alfredo
Ivaldi Dott. Luca
Kaitsas Dott. Roberto
Kaitsas Prof. Vassilios
Lamparelli Dott. Andrea
Lendini Dott. Mario
Libotte Dott. Fabrizio
Maggiore Dott. Francesco
Malagnino Dott. Giovanni Pietro Vito
Malagnino Prof. Vito Antonio
Malentacca Dott. Augusto
Mancini Dott. Roberto
Mancini Dott. Mario
Mancini Dott. Manuele
Manfredonia Dott. Massimo Francesco
Manfrini Dott.ssa Francesca
Mangani Prof. Francesco
Martignoni Dott. Marco
Mazzocco Dott. Alberto
Messina Dott. Giovanni
Migliau Dott. Guido
Monza Dott. Daniele
Mori Dott. Massimo
Multari Dott. Giuseppe
Mura Dott. Giovanni
Natalini Dott. Daniele
Negro Dott. Alfonso Roberto
Olivi Prof. Giovanni
Ongaro Dott. Franco
Orsi Dott.ssa Maria Veronica
Padovan Dott. Piero
Palazzi Dott. Flavio
Palmeri Dott. Mario
Paone Dott. Pasquale
Pansecchi Dott. Davide
Papaleoni Dott. Matteo
Pappalardo Dott. Alfio
Parente Dott. Bruno
Pasqualini Dott. Damiano
Piferi Dott. Marco
Pilotti Dott. Emilio

Pirani Dott.ssa Chiara
Pisacane Dott. Claudio
Plotino Dott. Gianluca
Polesel Dott. Andrea
Pollastro Dott. Giuseppe
Pongione Dott. Giancarlo
Pontoriero Dott.ssa Denise Irene Karin
Portulano Dott. Francesco
Pracella Dott. Pasquale
Preti Dott. Riccardo
Pulella Dott. Carmelo
Puttini Dott.ssa Monica
Raffaelli Dott. Renzo
Raia Dott. Roberto
Rapisarda Prof. Ernesto Guido
Re Prof. Dino
Reggio Dott.ssa Lucia
Rengo Prof. Sandro
Riccitiello Prof. Francesco
Rieppi Dott. Alberto
Rigolone Dott. Mauro
Rizzoli Dott. Sergio
Roggero Dott. Emilio
Russo Dott. Ernesto
Santarcangelo Dott. Filippo Sergio
Sbardella Dott.ssa Maria Elvira
Sberna Dott.ssa Maria Teresa
Scagnoli Dott. Luigi
Schianchi Dott. Giovanni
Schirosa Dott. Pier Luigi
Serra Dott. Stefano
Sforza Dott. Francesco
Simeone Prof. Michele
Smorto Dott.ssa Natalia
Sonaglia Dott. Angelo
Squeo Dott. Giuseppe
Storti Dott.ssa Paola
Strafella Dott. Roberto
Stuffer Dott. Franz
Taglioretti Dott. Vito
Taschieri Dott. Silvio
Tavernise Dott. Salvatore
Tocchio Dott. Carlo

Tonini Dott. Riccardo
Tosco Dott. Eugenio
Tripi Dott.ssa Valeria Romana
Uberti Dott.ssa Manuela
Uccioli Dott. Umberto
Vecchi Dott. Stefano
Venturi Dott. Mauro
Venturi Dott. Giuseppe
Venuti Dott. Luca
Veralli Dott. Eduardo
Vittoria Dott. Giorgio
Volpi Dott. Luca Fedele
Zaccheo Dott. Francesco
Zaccheo Dott. Fabrizio
Zerbinati Dott. Massimo
Zilocchi Dott. Franco

SOCI AGGREGATI
Giovinazzo Dott. Luca

CONSIGLIO DIRETTIVO SIE 
BIENNIO 2021-2022 
Presidente 
Fornara Dott. Roberto 
Past President 
Sberna Dott.ssa Maria Teresa
Presidente Eletto 
Lendini Dott. Mario
Vice Presidente 
Cardinali Dott. Filippo
Segretario 
Coraini Dott. Cristian
Tesoriere 
Pontoriero Dott.ssa Denise Irene Karin 
Coordinatore Culturale 
Polesel Dott. Andrea 
Coordinatore della Comunicazione 
Greco Dott.ssa Katia 
Revisore dei Conti 
Vecchi Dott. Stefano
Revisore dei Conti 
Vittoria Dott. Giorgio

STRUTTURA SOCIETARIA

Attanasio Dott. Salvatore
Socio Attivo
Borsotti Prof. Gianfranco 
Socio Onorario 
Castagnola Prof. Luigi
Socio Onorario
De Fazio Prof. Pietro
Socio Attivo
Dolci Prof. Giovanni
Socio Onorario
Duillo Dott. Sergio
Socio Onorario
Garberoglio Dott. Riccardo
Socio Onorario

Lavagnoli Dott. Giorgio
Socio Onorario
Mantero Prof. Franco 
Socio Onorario
Malvano Dott. Mariano 
Socio Attivo
Pecchioni Prof. Augusto
Socio Onorario
Riitano Dott. Francesco
Socio Onorario
Spina Dott. Vincenzo
Socio Onorario
Zerosi Prof. Carlo
Socio Onorario

SOCI SCOMPARSI
Ricordiamo con affetto e gratitudine i Soci scomparsi
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COME DIVENTARE SOCIO ATTIVO/AGGREGATO
 

Scaricabile dal sito www.endodonzia.it

SOCIO AGGREGATO

Per avere lo status di Socio Aggregato si dovrà presentare 
la documentazione descritta nel sito www.endodonzia.it 
che sarà valutata dalla Commissione Accettazione Soci. La 
documentazione che verrà presentata dovrà mostrare con 
rigore, attraverso casi clinici, l’interessamento del candi-
dato alla disciplina endodontica. 
Un meccanismo a punti è stato introdotto per valutare l’am-
missibilità del candidato allo “status” di Socio Aggregato: 
i punti saranno attribuiti in base al tipo di documentazione 
presentata. Possono accedere alla qualifica di Socio Aggre-
gato tutti i Soci Ordinari della SIE, in regola con le quote 
associative degli ultimi tre anni, che completino e fornis-
cano la documentazione alla Segreteria Nazionale (Via Pi-
etro Custodi 3, 20136 Milano) entro i termini che verranno 
indicati all’indirizzo web: www.endodonzia.it.
La domanda dovrà essere firmata da un Socio Attivo, in 
regola con la quota associativa per l’anno in corso, il quale 
è responsabile della correttezza clinica e formale della doc-
umentazione presentata.

DOCUMENTAZIONE NECESSARIA 
PER DIVENTARE SOCIO AGGREGATO
Qualsiasi Socio Ordinario, con i requisiti necessari, può 
presentare la documentazione per ottenere la qualifica di 
Socio Aggregato. Un meccanismo a punti è stato introdotto 
per valutare il candidato: un minimo di 80 punti è richiesto 
per divenire Socio Aggregato.
La documentazione clinica per ottenere la qualifica di Socio 
Aggregato dovrà presentare almeno sei casi, di cui non più 
di tre senza lesione visibile nella radiografia preoperatoria 
e non più di uno di Endodonzia Chirurgica Retrograda.
Nella domanda non potranno essere presentati casi la cui 
somma superi i 120 punti per la qualifica di Socio Ag-
gregato. 
L’aspirante Socio Aggregato potrà presentare la docu-
mentazione clinica in più volte, con un minimo di 40 pun-
ti per presentazione, in un arco massimo di tre anni. Il 
mancato rinnovo della quota associativa, anche per un 
solo anno, annulla l’iter di presentazione dei casi.

SOCIO ATTIVO

Per avere lo status di Socio Attivo si dovrà presentare la 
documentazione descritta nel sito www.endodonzia.it che 
sarà valutata dalla Commissione Accettazione Soci. La doc-
umentazione che verrà presentata dovrà mostrare con rig-
ore, attraverso documentazione scientifica e casi clinici, 
l’interessamento del candidato alla disciplina endodonti-
ca. 
Un meccanismo a punti è stato introdotto per valutare 
l’ammissibilità del candidato allo status di Socio Attivo: i 

punti saranno attribuiti in base al tipo di documentazione 
clinica e scientifica presentata. Possono accedere alla 
qualifica di Socio Attivo tutti i Soci Ordinari della SIE, 
in regola con le quote associative degli ultimi tre anni, che 
completino e forniscano la documentazione alla Segreteria 
Nazionale (Via Pietro Custodi 3, 20136 Milano) entro i ter-
mini che verranno indicati all’indirizzo web: www.endo-
donzia.it.
La domanda di ammissione allo status di Socio Attivo ri-
volta al Presidente della SIE dovrà essere firmata da un 
Socio Attivo in regola con la quota associativa per l’anno 
in corso, il quale dovrà aver esaminato e approvato la doc-
umentazione. Quest’ultimo è responsabile della correttez-
za clinica e formale della documentazione presentata.

DOCUMENTAZIONE NECESSARIA 
PER DIVENTARE SOCIO ATTIVO
Qualsiasi Socio Ordinario, con i requisiti necessari, può 
presentare la documentazione per ottenere la qualifica di 
Socio Attivo. Il Socio Aggregato che volesse presentare la 
documentazione scientifica e clinica a integrazione di 
quella clinica già approvata dalla CAS per lo status di socio 
Aggregato, potrà farlo già dall’anno successivo all’otteni-
mento della sua qualifica.
Un meccanismo a punti è stato introdotto per valutare il 
candidato a Socio Attivo. Un minimo di 200 punti è richi-
esto per divenire Socio Attivo.
Nella domanda non potranno essere presentati casi la cui 
somma superi i 240 punti per la qualifica di Socio Attivo. 
La documentazione scientifica potrà essere presentata, a 
completamento della documentazione clinica, solo per la 
domanda per divenire Socio Attivo e non potrà superare i 
80 punti.
La documentazione clinica dovrà presentare un minimo di 
sei casi, di cui almeno 4 di molari pluriradicolati con delle 
precise tipologie: tra questi casi almeno uno deve essere 
un ritrattamento con lesione visibile nella radiografia pre-
operatoria e dei restanti tre almeno due devono avere una 
lesione visibile nella radiografia preoperatoria.
La documentazione clinica non deve presentare più di un 
caso di Endodonzia Chirurgica Retrograda con immagini 
e non più di uno senza immagini.
La documentazione scientifica non potrà presentare più di 
due articoli come coautore.

MODALITÀ DI DOCUMENTAZIONE  
DEI CASI CLINICI

Criteri e modalità per la valutazione dei casi clinici idonei 
ad accedere alle qualifiche di Socio Aggregato e di Socio 
Attivo sono espressi nell’apposita sezione del Regolamento 
della Società Italiana di Endodonzia (SIE) all’indirizzo 
web: www.endodonzia.it.

http://
http://www.endodonzia.it 
http://www.endodonzia.it 
http://www.endodonzia.it
http://www.endodonzia.it 
http://www.endodonzia.it 
http://www.endodonzia.it 
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CRITERI DI VALUTAZIONE

I casi clinici verranno valutati nel loro complesso, coerente-
mente con gli scopi e fini della SIE, e devono essere presentati 
dai Candidati considerando non solo l’aspetto clinico, ma 
anche quello formale della documentazione presentata.
La documentazione scientifica verrà valutata considerando la 
classificazione ANVUR delle Riviste Scientifiche, i documenti 
scientifici dovranno essere tutti di pertinenza endodontica.

ADEMPIMENTI DEL CANDIDATO

La domanda di ammissione allo status di Socio Aggregato/
Attivo, rivolta al Presidente della SIE, dovrà pervenire, in-
sieme alla documentazione di seguito elencata, alla Segret-
aria della SIE con un anticipo di 20 giorni sulle date di ri-
unione della CAS, sufficiente per poter organizzare il ma-
teriale dei candidati. Le date di scadenza saranno rese note 
sul sito. La domanda dovrà essere firmata da un Socio Attivo 
in regola con la quota associativa per l’anno in corso, il quale 
dovrà aver esaminato e approvato la documentazione. 
Quest’ultimo è responsabile della correttezza clinica e for-
male della documentazione presentata.

PRESENTAZIONE  
DEI CASI ALLA COMMISSIONE

La presenza del Candidato è obbligatoria durante la riunione della 
CAS; è altresì consigliabile la presenza del Socio presentatore.

LA COMMISSIONE   
ACCETTAZIONE SOCI

La CAS (Commissione Accettazione Soci) è formata cinque 
Membri di indiscussa esperienza clinica, quattro Soci Attivi 
con almeno cinque anni di anzianità in questo ruolo eletti a 
ogni scadenza elettorale dall’Assemblea dei Soci Attivi e 
Onorari e uno dei Past President della Società incaricato dal 
CD a ogni riunione. Compito della CAS è quello di esaminare 
e valutare la documentazione presentata dagli aspiranti Soci 
Aggregati e Soci Attivi. Per rispetto del lavoro dei Candidati 
e per omogeneità di giudizio, in ogni riunione CAS verranno 
valutati non più di 12 candidati a Socio Attivo; resta libero, 
invece, il numero dei candidati a Socio Aggregato valutabile 
in una singola riunione. Il Consiglio Direttivo (CD) incaric-
ando la Commissione Accettazione Soci (CAS) la rende re-
sponsabile dell’applicazione delle regole descritte nell’arti-
colo 2 del regolamento. Il giudizio della CAS è insindacabile.

MEMBRI DELLA COMMISSIONE ACCETTAZIONE SOCI BIENNIO 2021-2022

Francesco Riccitiello (Past President della Società)
Maurizio Boschi

Marco Colla
Claudia Dettori

Giuseppe Multari



VDW.ROTATE™

Migliora la qualità delle preparazioni con sistematica rotante:  
con il nuovo file VDW.ROTATE™
Confermando la nostra storia di successo in campo 
endodontico, abbiamo sviluppato un nuovo sistema  
di file rotanti a movimento continuo partendo dai risultati 
raggiunti con i sistemi endodontici precedenti  
e integrandoli con le ultime innovazioni tecnologiche  
nel campo dei materiali e del design dello strumento, 
in modo da ridefinire gli standard della strumentazione 
canalare rotante e portarla ad un livello qualitativo 
superiore.

VDW.ROTATE™ è un sistema di file rotanti a movimento 
continuo che consente di lavorare al massimo delle potenzialità 
in tutte le situazioni cliniche, da quelle più semplici a quelle  
più complesse. 
Confermando il nostro approccio di offerta di sistema,  
la linea VDW.ROTATE™ include punte di carta e otturatori  
delle medesime dimensioni degli strumenti.

La sintesi perfetta di benefici fondamentali 
La nuova linea di strumenti rotanti in NiTi VDW.ROTATE™  

offre molteplici benefici per un trattamento endodontico 
semplificato ed efficiente, grazie ad una sequenza base intuitiva 
formata solo da 3 strumenti: un file per il glide path e due file  
per la sagomatura. Inoltre, la vasta gamma di diametri e conicità 
di file accessori disponibili consente al clinico di creare la propria 
sequenza personalizzata in funzione dell‘anatomia canalare. 
Confrontato con altri sistemi rotanti della VDW, il nuovo 
trattamento termico della lega consente una maggiore flessibilità 
dello strumento senza comprometterne l’efficienza di taglio. 
La combinazione tra flessibilità ed efficienza con la sezione 
trasversale a forma di S decentrata di VDW.ROTATE™ assicura 
una rimozione dei detriti più efficace*. 

Per ulteriori informazioni contatta il tuo rappresentante  
Dentsply Sirona di fiducia o il nostro servizio clienti  
al numero gratuito 800.310.333

* confrontato con strumenti rotanti a sezione centrata

VDW.ROTATE™ 
Sistema endodontico 
rotante in NiTi 

strumenti VDW.ROTATE™ 
in canali estremamente curvi

Misure: 15.04 (file per il glide path), 20.05 e 25.06



Gli Mtwo hanno per primi introdotto agli inizi 
degli anni 2000 il concetto della riduzione 
della conicità man mano che il diametro in 
punta aumenta, dopo aver raggiunto l’apice 
(e quindi completato la sagomatura generale 
del canale) con lo strumento 25/.06, usando, 
a seconda del diametro apicale, gli strumenti 
30/.05, 35/.04 e 40/.04. Dopo vent’anni 
durante i quali gli Mtwo hanno fatto scuola, ci 
rendiamo conto che non necessariamente, e 
non in tutti i canali, è utile arrivare al 25/.06, 
ma può bastare un 25/.05.
La serie minimal consente di arrivare  
a 25/.05 dopo lo scouting, con un solo 
strumento: il 17.05/.045.

Lo scouting Mtwo minimal
Lo scouting può essere affidato al tradizionale 
10/.04, ma anche ai nuovi Mtwo minimal 
per canali più sottili: il 10/.035 e il 10/.03. 
Il 10/.03 è particolarmente adatto a canali 
che negli ultimissimi millimetri siano stretti e 
particolarmente difficili da penetrare; in questi 
casi la primissima esplorazione può essere 
eseguita con strumenti manuali in acciaio .08, 
per poi passare al 10/.03 che in pochi secondi 
percorrerà quei mm rendendoli pronti alle 
fasi successive di preparazione meccanica, 
altrettanto sicura e veloce.

La sequenza Mtwo minimal
Lo strumento 17.5/.045 riesce a raggiungere 
l’apice dopo lo scouting pressoché nella 
totalità dei casi, determinando un volume 
di preparazione che a sua volta permette 
sempre al 25/.05 di arrivare all’apice. La scelta 
del 17.5 è data dalla valutazione iniziale 
di un canale ritenuto di dimensioni tali da 
trovare nel 25/.05 lo strumento ideale per il 
completamento della preparazione: ideale 
perché ritenuto sufficiente, laddove il 25/.06 
risulterebbe fin troppo grande.

Mtwo minimal per rifinitura apicale
In caso di canali sottili e, soprattutto con pareti 
sottili, che presentano apici di dimensioni 
superiori a 25, la rifinitura degli ultimi 
millimetri può essere affidata a strumenti 
con diametri di punta adeguati, ma con 
conicità .03, adatta a questi canali più piccoli. 
Questo nell’ottica costante di risparmiare 

dentina lungo le pareti canalari, riuscendo 
al contempo a completare la preparazione 
dei millimetri apicali secondo le dimensioni 
esistenti in ogni canale.
Anche questa volta gli Mtwo introducono 
misure di conicità inedite e mirate a un 
razionale assoluto: mantenere l’anatomia ma 
eliminare le cause della patologia con pochi, 

mirati, strumenti. Questa ulteriore possibilità 
di preparazione è da eseguire con velocità 
di rotazione contenuta, resa possibile (come 
nella sequenza standard) dalla efficienza e 
precisione di taglio degli strumenti che ben 
si adatta ai nuovi concetti di preparazione 
minimalista e sigillo con l’uso dei presidi più 
moderni.

Per info: Sweden & Martina
www.sweden-martina.com - Tel. +39.049.9124300
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Distributore esclusivo

PERFORMANCE. PRICE. 
TECHNOLOGY
EdgeEndo offre prodotti e soluzioni endodontiche 
di altissima qualità con tecnologie all’avanguardia 
e un ottimo rapporto qualità/prezzo. 
I file EdgeEndo garantiscono velocità e 
sicurezza nel trattamento endodontico e grandi 
vantaggi sia per gli operatori che per i pazienti.

EdgeTaper Platinum 
Una linea di file per sagomatura e finitura che 
definisce un nuovo standard nella sicurezza e 
centratura dei canali, migliorando significativamente 
la resistenza alla fatica ciclica e la flessibilità.

EdgeFile® X7
I file X7 hanno una resistenza alla fatica ciclica dalle 
due alle otto volte superiore rispetto ai sistemi presenti 
sul mercato. Riduci lo stress con il nostro sistema 
super flessibile e resistente!

EdgeOne Fire 
La linea EdgeOne Fire è stata 
progettata per sagomare 
i canali con la stessa 
tecnica reciprocante di 
WaveOne® Gold e può 
essere utilizzata con il 
medesimo motore, lo 
stesso manipolo e gli 
stessi parametri. 

Distributore esclusivo

Distributore esclusivo

Via Partisani, 3 |  47016 Fiumana - Predappio (FC), ITALIA | Tel: +39 0543 929111
 www.dentaltrey.it - commerciale@dentaltrey.it



Tri Auto ZX2: Semplice, geniale e assolutamente sicuro.  
Perfetto per qualsiasi canale radicolare.

Thinking ahead. Focused on life.

Il nuovo Tri Auto ZX2 semplifica il trattamento canalare con la massima  
sicurezza – perfetto per tutti i tuoi pazienti. 
Il manipolo con localizzatore apicale integrato è veramente sorprendente per la sua 
leggerezza: Senza cavo ed ergonomico si adatta perfettamente alla mano e  
garantisce massima libertà di movimento Il trattamento è sicuro e facile grazie alle 
nuove funzioni di sicurezza, quali l’ Optimum Glide Path (OGP) e l‘Optimum Torque 
Reverse (OTR). L’OPG semplifica la realizzazione del glide path. L’OTR protegge 
dalla rottura del file e dalle microfratture invertendo automaticamente la direzione 
di rotazione quando viene superato il livello di torque. In questo modo, Tri Auto ZX2 
preserva la sostanza del dente naturale e rende il trattamento 
ancora più efficiente. Per ulteriori informazioni, vedere www.jmoritaitalia.com
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Giornale Italiano di Endodonzia (GIE)
was founded in 1987 and is the official 
journal of Società Italiana di Endodonzia, SIE 
(Italian Society of Endodontics) https://www.
endodonzia.it/
It is a peer-reviewed journal, only available in 
electonic format and publishes original scien-
tific articles, reviews, clinical articles and case 
reports in the field of Endodontology. Scientif-
ic contributions dealing with health, injuries 
to and diseases of the pulp and periradicular 
region, and their relationship with systemic 
well-being and health. Original scientific arti-
cles are published in the areas of biomedical 
science, applied materials science, bioengi-
neering, epidemiology and social science rele-
vant to endodontic disease and its management, 
and to the restoration of root-treated teeth. In 
addition, review articles, reports of clinical cas-
es, book reviews, summaries and abstracts of 
scientific meetings and news items are accept-
ed. Please read the instructions below carefully 
for details on the submission of manuscripts, 
the journal’s requirements and standards as 
well as information concerning the procedure 
after a manuscript has been accepted for publi-
cation in Giornale Italiano di Endodonzia. Gior-
nale Italiano di Endodonzia is indexed in Scop-
us, Science Direct, Embase and published on-
line by  Ariesdue, Milan, Italy and hosted 
by PAGEPress, Pavia, Italy. All articles are avail-
able on www.giornaleitalianoendodonzia.it.
We publish, monthly, new articles in the Early 
View section while the full Journal is issued 
twice a year, in June and November.
Authors are encouraged to visit www.
giornaleitalianoendodonzia.it for further 
information on the preparation and submission 
of articles and figures.

Ethical guidelines
Giornale Italiano di Endodonzia adheres to the 
below ethical guidelines for publication and 
research. 

Authorship and Acknowledgements 
Authors submitting a paper do so on the un-
derstanding that the manuscript has been 
read and approved by all authors and that 
all authors agree to the submission of the 
manuscript to the Giornale Italiano di En-
dodonzia. Giornale Italiano di Endodonzia 
adheres to the definition of authorship set 
up by The International Committee of Med-
ical Journal Editors (ICMJE). According to 
the ICMJE, authorship criteria should be 
based on 1) substantial contributions to 
conception and design of, or acquisiation of 
data or analysis and interpretation of data, 
2) drafting the article or revising it critic-
ally for important intellectual content and 
3) final approval of the version to be pub-
lished. Authors should meet conditions 1, 
2 and 3. It is a requirement that all authors 

GUIDELINES FOR AUTHORS

have been accredited as appropriate upon 
submission of the manuscript. Contribut-
ors who do not qualify as authors should be 
mentioned under Acknowledgements. 

Manuscript preparation
Manuscripts should be uploaded as Word (.doc) 
or Rich Text Format (.rtf) files (not write-pro-
tected) plus separate figure files: TIF, EPS, 
JPEG files are acceptable for submission.
The text file must contain the abstract, main 
text, references, tables and figure legends, but 
no embedded figures or title page. The title 
page should be provided as a separate file. In 
the main text, please reference figures as for 
instance figure 1, figure 2 etc to match the tag 
name you choose for the individual figure files 
uploaded. 
Please note that manuscripts must be written 
in English. Authors whose native language is 
not English are strongly advised to have their 
manuscript checked by a language editing ser-
vice or by a native English speaker prior to 
submission. 

Manuscript Types Accepted
Original Scientific Articles must describe sig-
nificant and original experimental observa-
tions and provide sufficient detail so that the 
observations can be critically evaluated and, if 
necessary, repeated. Original Scientific Art-
icles must conform to the highest international 
standards in the field.
Review Articles are accepted for their broad 
general interest; all are refereed by experts in 
the field who are asked to comment on issues 
such as timeliness, general interest and bal-
anced treatment of controversies, as well as 
on scientific accuracy. Reviews should gener-
ally include a clearly defined search strategy 
and take a broad view of the field rather than 
merely summarizing the authors´ own previ-
ous work. Extensive or unbalanced citation of 
the authors´ own publications is discouraged.
Mini Review Articles are accepted to address 
current evidence on well-defined clinical, 
research or methodological topics. All are 
refereed by experts in the field who are asked 
to comment on timeliness, general interest, 
balanced treatment of controversies, and sci-
entific rigor. A clear research question, 
search strategy and balanced synthesis of the 
evidence is expected. Manuscripts are limit-
ed in terms of word-length and number of 
figures.
Clinical Articles are suited to describe sig-
nificant improvements in clinical practice 
such as the report of a novel technique, a 
breakthrough in technology or practical ap-
proaches to recognised clinical challenges. 
They should conform to the highest scientific 
and clinical practice standards.
Case Reports or Case Series illustrating un-
usual and clinically relevant observations are 
acceptable, but they must be of sufficiently 

high quality to be considered worthy of pub-
lication in the Journal. On rare occasions, com-
pleted cases displaying nonobvious solutions 
to significant clinical challenges will be con-
sidered. Illustrative material must be of the 
highest quality and healing outcomes, if appro-
priate, should be demonstrated.
Case reports should be written using the Pre-
ferred Reporting Items for Case reports in 
Endodontics (PRICE) 2020 guidelines. A PRICE 
checklist and flowchart (as a Figure) should 
also be completed and included in the submis-
sion material. The PRICE 2020 checklist and 
flowchart can be downloaded from: http://
pride-endodonticguidelines.org/price/. It is 
recommended that authors consult the follow-
ing papers, which explains the rationale for the 
PRICE 2020 guidelines and their importance 
when writing manuscripts: 
- Nagendrababu V, Chong BS, McCabe P, Shah 

PK, Priya E, Jayaraman J, Pulikkotil SJ, Setzer 
FC, Sunde PT, Dummer PMH. PRICE 2020 
guidelines for reporting case reports in Endo-
dontics: a consensus-based development. Int 
Endod J. 2020 Feb 23. Doi: 10.1111/iej.13285. 
https://onlinelibrary.wiley.com/doi/10.1111/
iej.13285.

- Nagendrababu V, Chong BS, McCabe P, Shah 
PK, Priya E, Jayaraman J, Pulikkotil SJ, Dum-
mer PMH. PRICE 2020 guidelines for report-
ing case reports in Endodontics: Explanation 
and elaboration. Int Endod J. 2020 Mar 28. 
Doi: 10.1111/iej.13300. https://onlinelibrary.
wiley.com/doi/abs/10.1111/iej.13300.

Manuscript Format 
The official language of the publication is Eng-
lish. It is preferred that manuscript is profes-
sionally edited. All services are paid for and 
arranged by the author and use of one of these 
services does not guarantee acceptance or pref-
erence for publication.
Authors should pay special attention to the 
presentation of their research findings or clin-
ical reports so that they may be communicated 
clearly. 
Technical jargon should be avoided as much 
as possible and clearly explained where its use 
is unavoidable. Abbreviations should also be 
kept to a minimum, particularly those that are 
not standard. Giornale Italiano di Endodonzia 
adheres to the conventions outlined in Units, 
Symbols and Abbreviations: A Guide for Med-
ical and Scientific Editors and Authors. If ab-
breviations are used in the text, authors are 
required to write full name+abbreviation in 
brackets [e.g. Multiple Myeloma (MM)] the first 
time they are used, then only abbreviations 
can be written (apart from titles; in this case 
authors have to write always the full name). 
If names of equipments or substances are men-
tioned in the text, brand, company names and 
locations (city and state) for equipment and 
substances should be included in parentheses 
within the text.

https://www.endodonzia.it/ 
https://www.endodonzia.it/ 
http://www.giornaleitalianoendodonzia.it
http://www.giornaleitalianoendodonzia.it
http://www.giornaleitalianoendodonzia.it
http://pride-endodonticguidelines.org/price/.
http://pride-endodonticguidelines.org/price/.
https://onlinelibrary.wiley.com/doi/10.1111/iej.13285
https://onlinelibrary.wiley.com/doi/10.1111/iej.13285
https://onlinelibrary.wiley.com/doi/abs/10.1111/iej.13300
https://onlinelibrary.wiley.com/doi/abs/10.1111/iej.13300
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The background and hypotheses underlying 
the study, as well as its main conclusions, 
should be clearly explained.
Titles and abstracts especially should be writ-
ten in language that will be readily intelligible 
to any scientist.

Structure
All manuscripts submitted to Giornale Italiano 
di Endodonzia should include Title Page, Ab-
stract, Main Text, References, Clinical Rele-
vance, Conflict of Interest, Acknowledgements, 
Tables, Figures and Figure Legends as appro-
priate.
Title Page should bear:
I. Title, which should be concise as well as 

descriptive (no more than 150 letters and 
spaces);

II. Initial(s) and last (family) name of each au-
thor;

III. Name and address of department, hospital 
or institution to which the work should be 
attributed;

IV. Running title (no more than 30 letters and 
spaces);

V. Three to five key words (in alphabetical 
order);

VI. Name, full postal address, telephone, fax 
number and e-mail address of author re-
sponsible for correspondence (Correspond-
ing Author).

Abstracts should be no more than 250 words giving 
details of what was done.
Abstract for Original Scientific Articles should be 
no more than 250 words giving details of what was 
done using the following structure:
• Aim: give a clear statement of the main aim of the 

study and the main hypothesis tested, if any.
• Methodology: describe the methods adopted in-

cluding, as appropriate, the design of the study, the 
setting, entry requirements for subjects, use of 
materials, outcome measures and statistical tests.

• Results: give the main results of the study, in-
cluding the outcome of any statistical analysis.

• Conclusions: state the primary conclusions of 
the study and their implications. Suggest areas 
for further research, if appropriate.

Abstract for Review Articles should be non-struc-
tured, no more than 250 words giving details of what 
was done including the literature search strategy.
Abstract for Mini Review Articles should be 
non-structured of no more than 250 words, includ-
ing a clear research question, details of the literature 
search strategy and clear conclusions.
Abstract for Case Reports and Case Series should 
be no more than 250 words using the following 
structure:
• Aim: give a clear statement of the main aim of 

the report and the clinical problem which is ad-
dressed.

• Summary: describe the methods adopted includ-
ing, as appropriate, the design of the study, the 
setting, entry requirements for subjects, use of 
materials, outcome measures and analysis if any.

• Key learning points: provide up to five short, 
bullet-pointed statements to highlight the key 
messages of the report. All points must be fully 
justified by material presented in the report.

Abstract for Clinical Articles should be no more 
than 250 words using the following structure:
• Aim: give a clear statement of the main aim of 

the report and the clinical problem which is ad-
dressed.

• Methodology: describe the methods adopted.
• Results: give the main results of the study.
• Conclusions: state the primary conclusions of 

the study. 

THE STRUCTURE 

Main text for Original Scientific Articles 
should include Introduction, Materials and 
Methods, Results, Discussion and Conclusion.
Introduction: should be focused, outlining 
the historical or logical origins of the study 
and gaps in knowledge. Exhaustive literature 
reviews are not appropriate. It should close 
with the explicit statement of the specific 
aims of the investigation, or hypothesis to be 
tested.
Material and Methods must contain sufficient 
detail such that, in combination with the ref-
erences cited, all clinical trials and experi-
ments reported can be fully reproduced.
(I) Clinical Trials: should be reported using the 
CONSORT guidelines available at www.con-
sort-statement.org A CONSORT checklist and 
flow diagram (as a Figure) should also be in-
cluded in the submission material.
(II) Experimental Subjects: experimentation 
involving human subjects will only be pub-
lished if such research has been conducted in 
full accordance with ethical principles, in-
cluding the World Medical Association Decla-
ration of Helsinki (version 2008) and the addi-
tional requirements, if any, of the country 
where the research has been carried out. Man-
uscripts must be accompanied by a statement 
that the experiments were undertaken with 
the understanding and written consent of 
each subject and according to the above men-
tioned principles. A statement regarding the 
fact that the study has been independently 
reviewed and approved by an ethical board 
should also be included. Editors reserve the 
right to reject papers if there are doubts as to 
whether appropriate procedures have been 
used. When experimental animals are used 
the methods section must clearly indicate 
that adequate measures were taken to mini-
mize pain or discomfort. Experiments should 
be carried out in accordance with the Guide-
lines laid down by the National Institute of 
Health (NIH) in the USA regarding the care 
and use of animals for experimental proce-
dures or with the European Communities 
Council Directive of 24 November 1986 
(86/609/EEC) and in accordance with local 
laws and regulations. All studies using hu-
man or animal subjects should include an 
explicit statement in the Material and Meth-
ods section identifying the review and ethics 
committee approval for each study, if appli-
cable. Editors reserve the right to reject pa-
pers if there is doubt as to whether appropri-
ate procedures have been used.
(III) Suppliers of materials should be named 
and their location (Company, town/city, state, 
country) included.
Results should present the observations with 
minimal reference to earlier literature or to 

possible interpretations. Data should not be 
duplicated in Tables and Figures.
Discussion may usefully start with a brief sum-
mary of the major findings, but repetition of 
parts of the abstract or of the results section 
should be avoided. The Discussion section 
should progress with a review of the method-
ology before discussing the results in light of 
previous work in the field. The Discussion 
should end with a brief conclusion and a com-
ment on the potential clinical relevance of the 
findings. Statements and interpretation of the 
data should be appropriately supported by 
original references.
Conclusions should contain a summary of the 
findings.

Main Text of Review Articles 
should be divided into Introduction, Review 
and Conclusions. 
The Introduction section should be focused to 
place the subject matter in context and to jus-
tify the need for the review. The Review sec-
tion should be divided into logical subsections 
in order to improve readability and enhance 
understanding. Search strategies must be de-
scribed and the use of state-of-the-art evi-
dence-based systematic approaches is ex-
pected. The use of tabulated and illustrative 
material is encouraged. The Conclusion sec-
tion should reach clear conclusions and/or 
recommendations on the basis of the evi-
dence presented. 

Main Text of Mini Review Articles 
should be divided into Introduction, Review 
and Conclusions; please note that the Conclu-
sions section should present clear statements/
recommendations and suggestions for further 
work. The manuscript, including references 
and figure legends, should not normally ex-
ceed 4,000 words.

Main Text of Case Reports   
and Clinical Articles 
should be divided into Introduction, Report, 
Discussion and Conclusion. They should be 
well illustrated with clinical images, radio-
graphs, diagrams and, where appropriate, sup-
porting tables and graphs. However, all illus-
trations must be of the highest quality.

IMPORTANT TO KNOW
Manuscript that do not conform to the general 
aims and scope of the Journal will be returned 
immediately without review. All other manu-
scripts will be reviewed by experts in the field 
(generally two referees). Giornale Italiano di 
Endodonzia aims to forward referees´ com-
ments and to inform the corresponding author 
of the result of the review process. Manuscripts 
will be considered for fast-track publication 
under special circumstances after consultation 
with the Editor. Giornale Italiano di Endodonz-
ia uses double blinded review which menas 
that the names of the reviewers will thus not 
be disclosed to the author submitting a paper 
and the name(s) of the author(s) will not be dis-

http://www.consort-statement.org
http://www.consort-statement.org
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closed to the reviewers. To allow double blind-
ed review, please submit your main manu-
script and title page as separate files.

Acknowledgements. Giornale Italiano di En-
dodonzia requires that all sources of institu-
tional, private and corporate financial support 
for the work within the manuscript must be 
fully acknowledged, and any potential con-
flicts of interest noted. Grant or contribution 
numbers may be acknowledged, and principal 
grant holders should be listed. Acknowledg-
ments should be brief and should not include 
thanks to anonymous referees and editors. 
Under this section please specify contributors 
to the article other than the authors accredited. 
Please also include specifications of the source 
of funding for the study.

References. It is the policy of the Journal to 
encourage reference to the original papers rath-
er than to literature reviews. Authors should 
therefore keep citations of reviews to the abso-
lute minimum. 
References should be prepared according to the 
Vancouver style. References must be numbered 
consecutively in the order in which they are 
first cited in the text (not alphabetical order), 
and they must be identified in the text by Arabic 
numerals in brackets [example (34)]. References 
to personal communications and unpublished 
data should be incorporated in the text and not 
placed under the numbered references [Exam-
ple: (Wright 2011, unpublished data) or (Wright 
2011, personal communication)]. Where availa-
ble, URLs for the references should be provided 
directly within the MS-Word document.

References in the References section must be 
prepared as follows:
I. more than three authors cite 3 authors et 

al. If the paper has only 4 authors, cite all 
authors; 

 e.g. Prati G, Lotti M, Russo F et al.
II. title style: please use a capital letter only 

for the first word of the title;
III. journal titles mentioned in the References 

list should be abbreviated according to the 
following websites:

a. ISI Journal Abbreviations Index (https://
www.library.caltech.edu/journal-title-
abbreviations);

b. Biological Journals and Abbreviations 
(http://home.ncifcrf.gov/research/bja);

c. Medline List of Journal Titles (https://
www.nlm.nih.gov/bsd/serfile_addedinfo.
html);

IV. put year after the journal name;
V. never put month and day in the last part of 

the references;
VI. cite only the volume (not the issue in 

brackets);
VII. pages have to be abbreviated, e.g. 351-8.

We recommend the use of a tool such as End-
Note or Reference Manager for reference man-
agement and formatting. EndNote reference 

styles can be searched for here: http://www.
endnote.com/support/enstyles.asp. To ensure 
the correct citation format, please check your 
references in the PubMed database (http://
www.ncbi.nlm.nih.gov/pubmed).

Examples of correct forms of reference follow.
Standard journal article
(1) Somma F, Cammarota G, Plotino G, Grande 
NM, Pameijer CH. The effectiveness of manual 
and mechanical instrumentation for the retreat-
ment of three different root canal filling mate-
rials. J Endod 2008;34:466-9.

Corporate author
British Endodontic Society - Guidelines for root 
canal treatment. Giornale Italiano di Endodonz-
ia 1979;16:192-5.

Journal supplement
Frumin AM, Nussbaum J, Esposito M. Function-
al asplenia: demonstration of splenic activity by 
bone marrow scan (Abstract). Blood 1979;54 
(Suppl. 1):26a.

Books and other monographs
Personal author(s)
Gutmann J, Harrison JW. Surgical Endodontics, 
1st edn Boston, MA, USA: Blackwell Scientific 
Publications, 1991.

Chapter in a book
Wesselink P. Conventional rootcanal therapy III: 
root filling. In: Harty FJ, ed. Endodontics in 
Clinical Practice, (1990), 3rd edn; pp. 186-223. 
London, UK: Butterworth.

Published proceedings paper
DuPont B. Bone marrow transplantation in se-
vere combined immunodeficiency with an un-
related MLC compatible donor. In: White HJ, 
Smith R, eds. Proceedings of the Third Annual 
Meeting of the International Society for Exper-
imental Rematology; (1974), pp. 44-46. Houston, 
TX, USA: International Society for Experimen-
tal Hematology.

Agency publication
Ranofsky AL Surgical Operations in Short-Stay 
Hospitals: United States-1975 (1978). DHEW 
publication no. (PHS) 78-1785 (Vital and Health 
Statistics; Series 13; no. 34.) Hyattsville, MD, 
USA: National Centre for Health Statistics.

Dissertation or thesis
Saunders EM. In vitro and in vivo investigations 
into root-canal obturation using thermally sof-
tened gutta-percha techniques (PhD Thesis) 
(1988). Dundee, UK: University of Dundee.

URLs
Full reference details must be given along with 
the URL, i.e. authorship, year, title of document/
report and URL. If this information is not avail-
able, the reference should be removed and only 
the web address cited in the text. 

Tables, Figures and Figure Legends
Tables should be submitted as word format, 
numbered and cited in the text of the manu-
script. Units of measurements must be included 
in the column title or in the figure legend or 
caption. Figure files accepted: TIF, EPS, JPEG.
• color (saved as CMYK): minimum 300 dpi;
• black and white/grays: minimum 600 dpi;
• one column width (8.0 cm) or 1.5 column 

widths (13.0 cm) or 2 columns widths 
(17.0 cm).

A different caption for each figure must be pro-
vided at the end of the manuscript, not included 
in the figure file. Authors must obtain written 
permission for the reproduction and adaptation 
of material which has already been published. 
A copy of the written permission has to be pro-
vided before publication (otherwise the paper 
cannot be published) and appropriately cited in 
the figure caption. The procedure for requesting 
the permission is the responsibility of the Au-
thors; PAGEPress will not refund any costs in-
curred in obtaining permission. Alternatively, 
it is advisable to use materials from other (free) 
sources.
Figure legends should begin with a brief title for 
the whole figure and continue with a short de-
scription of each panel and the symbols used; 
they should not contain any details of methods.

Authorship
All persons designated as authors should qual-
ify for authorship according to the ICMJE crite-
ria. Each author should have participated suffi-
ciently in the work to take public responsibility 
for the content. Authorship credit should only 
be based on substantial contributions to 
i) conception and design, or analysis and in-

terpretation of data; 
ii) drafting the article or revising it critically 

for important intellectual content; 
iii) final approval of the version to be published.
These three conditions must all be met. Partic-
ipation solely in the acquisition of funding or 
the collection of data does not justify author-
ship. General supervision of the research group 
is not sufficient for authorship. Any part of an 
article critical to its main conclusions must be 
the responsibility of at least one author. Authors 
should provide a brief description of their indi-
vidual contributions.

Obligation to Register Clinical Trials 
http://www.icmje.org/#clin_trials
The ICMJE believes that it is important to foster 
a comprehensive, publicly available database of 
clinical trials.
The ICMJE defines a clinical trial as any re-
search project that prospectively assigns human 
subjects to intervention or concurrent compar-
ison or control groups to study the cause-and-
effect relationship between a medical interven-
tion and a health outcome. Medical interven-
tions include drugs, surgical procedures, 
devices, behavioral treatments, process-of-
care changes, etc.

https://www.library.caltech.edu
https://www.library.caltech.edu
https://www.library.caltech.edu
http://home.ncifcrf.gov/research/bja
https://www.nlm.nih.gov
https://www.nlm.nih.gov
https://www.nlm.nih.gov
http://www.endnote.com/support/enstyles.asp.
http://www.endnote.com/support/enstyles.asp.
http://www.ncbi.nlm.nih.gov/pubmed
http://www.ncbi.nlm.nih.gov/pubmed
http://www.icmje.org
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Our journals require, as a condition of con-
sideration for publication, registration in a 
public trials registry.
The journal considers a trial for publication 
only if it has been registered before the en-
rollment of the first patient.
The journal does not advocate one particular 
registry, but requires authors to register their 
trial in a registry that meets several criteria. 
The registry must be accessible to the public 
at no charge. It must be open to all prospec-
tive registrants and managed by a non-prof-
it organization.
There must be a mechanism to ensure the 
validity of the registration data, and the reg-
istry should be electronically searchable. An 
acceptable registry must include a minimum 
of data elements.
For example http://www.clinicaltrials.gov, 
sponsored by the United States National Li-
brary of Medicine, meets these require-
ments. 

Protection of Human Subjects 
and Animals in Research
When reporting experiments on human sub-
jects, authors should indicate whether the pro-
cedures followed were in accordance with the 
ethical standards of the responsible committee 
on human experimentation (institutional and 
national) and with the Helsinki Declaration of 
1975, as revised in 2013 (https://www.wma.net/
policies-post/wma-declaration-of-helsinki- 
ethical-principles-for-medical-research-involv-
ing-human-subjects). If doubt exists whether 
the research was conducted in accordance 
with the Helsinki Declaration, the authors 
must explain the rationale for their approach 
and demonstrate that the institutional re-
view body explicitly approved the doubtful 
aspects of the study. When reporting exper-
iments on animals, authors should indicate 
whether institutional and national stand-
ards for the care and use of laboratory ani-
mals were followed. Further guidance on 
animal research ethics is available from the 
World Medical Association and from the In-
ternational Association of Veterinary Edi-
tors’ Consensus Author Guidelines on Ani-
mal Ethics and Welfare. 
When reporting experiments on ecosystems 
involving non-native species, Authors are 
bound to ensure compliance with the 
institutional and national guide for the 
preser vat ion of  nat ive biod iversit y.

Open Jurnals System
An Open Access publication is one that 
meets the following two conditions: 
1. The author(s) and copyright holder(s) 

grant(s) to all users a free, irrevocable, 
worldwide, perpetual right of access to, 
and a license to copy, use, distribute, 
transmit and display the work publicly 
and to make and distribute derivative 
works, in any digital medium for any re-

sponsible purpose, subject to proper at-
tribution of authorship, as well as the 
right to make small numbers of printed 
copies for their personal use. 

2. A complete version of the work and all 
supplemental materials, including a copy 
of the permission as stated above, in a 
suitable standard electronic format is de-
posited immediately upon initial publi-
cation in at least one online repository 
that is supported by an academic institu-
tion, scholarly society, government agen-
cy, or other well-established organization 
that seeks to enable open access, unre-
stricted distribution, interoperability, 
and long-term archiving. 

Publishing your research as Open Access 
gives a number of advantages:
• Higher and faster visibility: Open Access 

articles are viewed on a global scale, and 
contents are available to everyone. 

• Wider impact: thanks to a permissive li-
cense like CC BY, scientists and scholars 
are endowed to make progress on exist-
ing researches, thus facilitating the gen-
eration of new data.

• Increased citation: studies have shown 
that Open Access articles are regarded 
and cited more often than established 
paywall journals/articles.

• Perpetual accessibility: Open Access ar-
ticles are hosted on dedicated servers, 
being accessible to everyone endlessly. 

• Funding opportunities: an increasing 
number of funding bodies and agencies 
requires their grant holders to publish 
their researches as Open Access articles 
to be comprehensively available, free and 
without restrictions on re-use. 

PAGEPress has chosen to apply the Creative 
Commons Attribution - NonCommercial 4.0 
International License (CC BY-NC 4.0) to all 
manuscripts to be published under its name.

For authors
To make a submission to an OJS journal, 
after registering to the website, the authors 
will be required to follow a procedure via 
the system. Once the paper has been sub-
mitted, the authors will receive a confirma-
tion email from the Managing Editor of the 
Journal. 
When receiving a new submission, the Man-
aging Editor assigns it to her/himself and to 
the Editor-in-Chief (EiC). After a quick in-
house evaluation, if the EiC thinks that the 
paper is compliant with the guidelines and 
fits with the scope of the Journal, he/she 
send it out for the peer-review phase (=he/
she assigns reviewers). Alternatively, the EiC 
can assign a Section/Deputy Editor for the 
paper.
Once the review process is completed (i.e. 
all the assigned Reviewers have provided 
their comments and recommendations on 
the paper), the authors will be notified via 

email by the editors of the editorial deci-
sion: Accepted, Rejected, Decline Submis-
sion, Minor revisions, Major revisions.
Depending on the editorial decision, and 
basing on the reviewers’ comments, authors 
are required to upload their revised version 
(+ covering letter) within a specific dead-
line. At this point, they simply need to wait 
to hear back from the editor as to whether 
the revisions are acceptable.
If the editor’s decision is to resubmit for re-
view (=Major revisions or Minor revisons), 
the revised paper may undergo a “second 
round” of peer-review.
Once a paper is accepted for publication, the 
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